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"In essence, the British uplands are characterised by 
a large extent of oceanic, sub-montane and 
anthropogenic vegetation consisting of grasslands, 
dwarf shrub heaths and ombrogenous and 
soligenous mires. A cidic, infertile sub-strata 
predominate and base-rich types are extremely 
localised . . . The overall variety in topography, 
geology, soils, vegetation, flora and fauna within our 
uplands is considerable and their total interest to 
natural history is high. " 
(Ratcliffe, 1988, pi3) 
Wendy Jane Gill 
The Spatial Characterisation of Transitiorfa/ Areas 
between Plant Communities: A Case Study from Upland Britain 
ABSTRACT 
The concept of the ecotone was formalised by Clements (1 905) as a boundary 
zone between plant communities. Little research exists on the ecological 
importance or the geographical variability of these zones. Two types of 
boundaries are acknowledged: the ecotone and the ecocline. The ecotone is 
a sharp boundary; the ecocline a gradual boundary. The term 'transitional area' 
is proposed here to more accurately describe these areas as this research 
demonstrates that a complex continuum exists between the two end points. 
Additionally, mosaics often complicate the nature of the transition and may 
form a boundary type in their own right. 
Upland plant communities represent important semi-natural habitats within the 
British Isles. Effective management depends on an understanding of their 
structure and function. This research is primarily concerned wi th the 
description of structure (spatial pattern and variability in floristic composition) 
but explanation of these patterns is only possible through an understanding of 
function (vegetation dynamics). 
Pilot studies determined an appropriate methodology for studying transitional 
areas. The approach progressed from a linear transect to a two-dimensional 
rectangular transect. The pilot studies also evaluated a range of methods for 
data analysis. Extended field sampling followed which included 23 sites in 4 
locations: Dartmoor, Snowdonia, North York Moors and Barra, Western Isles 
of Scotland. Data analysis exposed the complexities of the transitional areas 
sampled but 'noise' often obscured the true characteristics. To overcome this 
a Species Ratio Index Model was devised to identify the strength of signal for 
each boundary. 
The final characterisation of transitional areas is based on three main 
components: ecotone, ecocline and mosaics, each displaying varying 
amplitude. Of the sites sampled, few boundaries revealed single characteristics 
and the majority were far more complex than their observed patterns implied. 
On the basis of this characterisation a classification is proposed which 
incorporates both natural and anthropogenic factors. The classification 
represents an important contribution to the understanding of boundary types. 
This study reinforces the significance of boundaries in the landscape. The 
potential for future research is great, particularly through the development of 
a predictive model for management purposes. 
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PART ONE 
INTRODUCTION TO TRANSITIONAL AREAS AND 
BACKGROUND IN FORM A TION 
CHAPTER 1 
THE CHARACTERISATION OF TRANSITIONAL AREAS BETWEEN PLANT COMMUNITIES: 
BACKGROUND AND AIMS OF THE THESIS 
1.1 Introduction 
The aim of this thesis is to examine the nature and variation of floristic 
composition across transitional areas between plant communities using 
selected communities from upland Britain to provide examples. 
Research into patterns of vegetation has a long history (Mueller-Dombois & 
Ellenberg, 1974; Grieg-Smith, 1983; Mcintosh, 1 985), Most research has been 
into the nature and description of plant communities although the concept of 
the plant community has been, and remains, a matter of considerable debate 
(see for example Shipley & Keddy, 1987; Southwood, 1987; Levin, 1989; 
Wilson, 1991 ; Collins er a/., 1 993; Keddy, 1993; Dale, 1 994; Palmer & White, 
1994). However, plant ecologists generally accept that for a particular region, 
a set of plant communities may be identified, each characterised by a 
distinctive set of species. Many ecologists also recognise that within the same 
region, there are areas of vegetation that lie between recognised plant 
community types. Traditionally, such areas have been loosely termed 
'ecotones'. Detailed examination of such zones indicates that the term 
'ecotone' is probably both inappropriate and confusing. In the research 
reported here the term 'transitional area' is proposed and considered to be more 
appropriate. 
Different boundaries between the vegetation of a particular region represent a 
range of transitional types. The detailed description and thus understanding of 
vegetation within transitional areas remains an important gap within plant 
ecology. This description and understanding of spatial patterns in plant 
communities is fundamental to biogeography. Thus it follows that the study 
of transitional areas is also central to this discipline, focusing on the patterns 
and processes between plant communities. 
The literature summarised in Chapter 2 reveals that although a number of 
papers and reviews on the concept of ecotones and transitional areas exist, 
there are virtually no direct studies into this topic. Research is therefore 
necessary firstly on the floristic composition of transitional areas and secondly 
into the detailed spatial variations within them. A third requirement is the 
examination of the applicability and effectiveness of methods of vegetation 
description and quantitative plant ecology in characterising both floristic change 
and spatial variability across transitional areas. 
A final goal is to describe the range of transitional types and to present a 
classification of such types in the context of the upland communities that form 
the basis of this research. Such information should be of value in vegetation 
management since the boundary areas also represent zones of change in 
species composition and possibly, tension between plant communities. 
1.1.1 Plant communities and ecosystems 
The plant community is commonly recognised as 'an assemblage of species 
that show a definite association or affinity wi th each other' (a useful discussion 
on this subject is provided by Mcintosh, 1985). Plant communities may be 
defined in the abstract sense as an inventory of types within a given region or 
in the definite/absolute sense where their location is shown in terms of spatially 
defined units wi th a distinctive floristic composition and morphology. They are 
also usually taken to represent and are equated wi th different ecosystem types. 
The ecosystem represents the functioning model behind the plant community 
concept. The functioning of an ecosystem/community refers in part to energy 
transfer between different groups of organisms along food chains and food 
webs. The plant community comprises a set of species corresponding to the 
first trophic level of primary producers. Higher trophic levels: herbivores, 
carnivores and omnivores live within the vegetation, in the air above it and 
below in the soil. Species at higher trophic levels use the plant community as 
a habitat within which they feed, grow, reproduce and die. 
The concept of the ecosystem is important, particularly as it is applicable at 
any scale (Fosberg, 1963). Therefore if a plant community is equated to an 
ecosystem it fol lows that transitional areas between plant communities also 
represent transitional areas between different ecosystems. Transitional areas 
therefore provide contact zones between all trophic levels in different 
ecosystems types. They are areas wi th potential for exchange between animal 
communities as well as the nature and properties of underlying soils and soil 
ecosystems. 
1.1.2 External factors determining transitional areas 
External factors determining transitional areas can be sub-divided into 
environmental (natural factors) and those induced by human activity (biotic 
factors). 
a. Environmental factors and transition zones 
Some transition zones or boundary types are correlated wi th rapid change in 
controlling environmental factors. They are thus 'natural ' in their origins. A 
good example of this are those boundaries related to terrain characteristics and 
breaks of slope that cause corresponding changes in soil moisture regime and 
soil depth. Other examples are those related to lithological change, aspect 
differences, altitude and associated climatic and micro-climatic effects. 
b. The human factor in creating transitional areas 
Many other transitions occur because of biotic activity including the effects of 
humans and animals through grazing, burning, trampling or mowing, which are 
largely related to agricultural activity. 
A consistent feature of many human-created boundaries, either present or past, 
is that they are often much 'sharper' and more clearly delineated than natural 
ones. It is also important to distinguish between contemporary activities and 
past activities. Present-day 'active' boundaries tend to be the sharpest wi th 
a 'softening' of the boundary occurring where past activity has now been 
abandoned and the vegetation is returning to a more semi-natural state. The 
field of historical ecology and the understanding of past management practice 
can therefore be regarded as being relevant to the study of transitional areas. 
Further complexities arise because many human boundaries are superimposed 
on existing gradients of natural environmental change. One of the most 
common examples are breaks of slope in upland Britain. Here field boundaries 
may be deliberately created to reflect changes in soil and vegetation quality. 
In such situations the original naturally controlled transitional area will have 
been accentuated by the later human activity. 
1.1.3 Internal factors controlling transitional areas 
The internal properties of the plants themselves can cause modification to the 
associations within plant communities. Internal properties, or autogenic 
factors, are related to the concept of plant species strategies (Grime, 1979). 
For example, successional concepts are of critical importance in understanding 
change in plant communities and transitional areas (Mcintosh, 1 985; Burrows, 
1990; Luken, 1990). All vegetation exhibits change through time and 
succession theory predicts that vegetation will pass through a series of serai 
stages towards a climax state. However, many plant communities are held at 
sub-climax stages, controlled by a range of arresting factors. The variety of 
communities and boundaries that occur within a given region will therefore 
reflect a diverse collection of successional types and stages. These different 
types and stages will provide further diversity to the range of transitional areas. 
1.1.4 Vegetation as a dynamic entity 
Every community is made of up populations of individual species. The 
populations are inherently dynamic in nature and the status of the plant 
community at a given point in time is a result of the past and present 
interactions between species populations. 
The species composition of a community is also a response to the 
environmental factors occurring at a given site. As indicated above, some 
transitional types represent a direct response to changes in environmental 
conditions. Much more detailed discussion of plant community and 
environmental gradient concepts follows in Chapter 2. 
Consideration of the dynamic nature of plant communities and their transitional 
areas immediately points to the need for a range of different transitional or 
boundary types to be recognised. Some boundaries are relatively stable and 
reflect species response to spatial gradients of environmental change. Others 
are primarily the result of interactions of species populations and/or 
successional processes. 
If the environmental conditions remain constant over a site and the vegetation 
composition varies then autogenic factors are operating (White, 1979), but 
these are difficult to measure. However, change associated wi th allogenic 
factors can be measured wi th relative ease (Mcintosh, 1985), particularly 
factors related to the physical environment. 
An important concluding point here is that transitional or boundary areas may 
be described firstly in terms of their spatial form or structure - the width and 
'sharpness' of the change. Secondly, they may be characterised by their 
function, in terms of the stability of the boundary and its susceptibility to 
change. This may be either through the natural dynamics of colonisation, 
migration and succession or through management resulting from human 
activity. 
1.1.5 Landscape ecology - plant communities and transitional areas as 
mosaics 
Landscape ecology is now recognised as a very distinctive approach within 
biogeography and spatial ecology (Forman & Godron, 1986; Turner, 1987). 
The development of landscape ecology is a natural response to human activity 
and recognises that many landscapes can be broken up into separate units. 
Some of these units will be more natural than others. Those that are natural 
will equate wi th the plant community. Those that are modified by human 
activity represent a form of land use. 
A key concept within landscape ecology is the Idea of mosaics. Within a given 
landscape, certain vegetation types or land uses will repeat at irregular intervals 
over space, corresponding to the individual pieces of a mosaic. Boundary or 
edge situations will occur between the pieces of the mosaic at a range of 
different scales. These boundary types correspond wi th different types of 
transitional areas. 
An important conclusion is that just as mosaics are significant within 
recognised plant communities, so mosaics are often present in the boundary 
or transitional ares between them. As a result, the description of floristic 
variation and pattern often becomes complicated and a considerable amount 
of effort in this research has gone into attempting to recognise the presence of 
mosaics across boundary areas. However, as wi th the plant community 
concept itself, there are problems in recognising the distinctiveness of 
individual pieces of mosaic, both at the community (plant community) and sub-
community (quadrat) scales. 
1.1.6 Scale 
Landscape ecology recognises the importance of scale in understanding the 
spatial pattern of plant communities. Forman & Godron (1 986) introduce the 
idea of the 'grain-size' of a landscape. The individual grains being equated wi th 
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pieces of mosaic which can be distinguished at a number of scales. Three 
scales are recognised as being of particular relevance to this research. 
i) the regional/landscape scale - ranging from an area of several hundred 
square kilometres to a few square kilometres. At this scale, major 
plant community and land use types are recognisable as mosaics. 
ii) the local/community scale - extending from an area of several square 
kilometres to tens of square metres. 
iii) the micro/quadrat scale - ranging from the largest quadrat size to the 
individual plant - tens of square metres to square centimetres. 
At each of these scales, mosaics are recognised and an important concept is 
the idea of nesting of mosaics. Mosaics are visible at the largest 
(regional/landscape) scales. However, study of one piece of the mosaic at the 
regional/ landscape scale reveals a second mosaic at the local community 
scale. Within one fragment of that mosaic, i.e. at the micro/quadrat scale a 
further mosaic is revealed. 
This nesting of mosaics at different scales is now realised as being fractal in 
nature and the study of fractals is a new area of research in vegetation pattern. 
While the research in this thesis is not directly concerned wi th fractal 
geometry, the potential relevance of the approach to the study of mosaics and 
spatial patterns within and between plant communities is briefly discussed. 
1.1.7 Methodological problems in the study of transitional areas - the 
importance and limitations of the floristic approach 
The ultimate building blocks of plant communities and the transitional areas 
that lie between them are the individual plant species. It thus fol lows that full 
study of the nature of transitional areas must be based on floristic description. 
The emphasis in this thesis is on methods for examining variability in floristics 
across boundary areas wi th the aims of finding degrees of pattern and order in 
that variation. Several problems emerged as a result of this: 
i) Sampiing 
Given that the principal objective was to describe floristic variability across 
boundaries, sampling was the major problem. A considerable amount of 
research time was devoted to examining and testing different sampling 
designs in order to assess the adequacy of their descriptive power. The 
greatest diff iculty was to devise sampling methods that were capable of 
picking up the mosaic structure of both the boundaries and the plant 
communities on either side of them. 
ii) The measurement of associated environmental variables 
Patterns of floristic change across transitional areas are usually correlated 
wi th patterns of change in associated environmental factors. In the time 
available, it would have been impossible to obtain full sets of detailed data 
on associated environmental variables for a wide range of sites. Thus 
different types of transition are described in terms of floristics first and 
foremost. In this way a wide range of boundary situations could be 
described. The characterisation of such a range of boundary types using 
floristics was seen as the primary aim of the research. 
New methodological approaches were developed to suit the nature of this 
investigation. The transect approach was used initially but was then 
developed from the line transect to a rectangular transect, to include a 
greater spatial area. The line transect was found to be inappropriate as it 
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did not adequately represent the full variation in size and floristic 
composition of the transitional areas and adjacent plant communities. 
Hi) Data analysis 
Data analysis also gave rise to interesting problems. The whole focus of 
the project was on floristic description, yet the methods for the analysis of 
floristic data are quite naturally centred on the recognition and definition of 
plant communities (phytosociology). Much research time was spent on 
adapting existing methods of descriptive statistical and multivariate analysis 
to suit the particular situation of transitional areas. 
ivl inferences about function and boundary dynamics 
Research into vegetation dynamics usually uses the 'process-response 
model' (Chorley & Kennedy, 1971) in which the function of a system is 
inferred from repeated measurements of data on its structure. With the 
emphasis of this research on description of floristic pattern at one episode 
in time, it was not always easy to infer functional change concerning the 
possible dynamics of a community boundary from essentially static 
structural data. As wi th all aspects of research into vegetation change, the 
period of the typical PhD research program prevents the adoption of 
anything other than a limited 'snap-shot in t ime' approach. In plant 
ecology, the establishment and monitoring of permanent quadrats over long 
periods of time is the preferred methodology but that was not practicable 
in this study. 
1.2 Aims of the research 
The primary aim of the research was to characterise transitional areas between 
upland plant communities. Therefore the objectives were:-
i. To examine the structure and function of transitional areas between 
plant communities using floristic vegetation data. 
ii. To devise a classification of transitional areas. 
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IV. 
V. 
To examine the relationships between scale and techniques for 
studying transitional areas. 
To devise techniques for the study of transitional areas at a range of 
spatial scales. 
To explore the use of remotely sensed data in the identification and 
classification of transitional areas. 
vi . To formulate a theoretical model of plant community boundaries and 
their dynamics using upland communities in Britain as an example. 
vl l . To propose guidelines for the application of this model for vegetation 
management in upland ecosystems of the British Isles. 
1.3 The structure of this thesis 
This thesis consists of 10 chapters which can be divided into four main parts, 
illustrated in Table 1.1 
PART ONE Introduction to transitional areas and background 
information 
PART TWO Pilot studies to establish an appropriate sampling 
methodology 
PART THREE Extended sampling in upland Britain and data 
analysis 
PART FOUR The spatial characterisation of transitional areas 
TABLE 1.1 The structure of this thesis 
Part One includes chapters 1, 2 and 3. In chapter 1 the concept of transitional 
areas is introduced and the aims of the research are stated. In chapter 2 the 
12 
relevant background literature is reviewed. Chapter 3 introduces the study 
areas selected from upland Britain for this research. 
Part Two (chapter 4) describes the pilot studies undertaken to establish a 
suitable sampling strategy to study transitional areas. This progresses through 
two phases. 
Part Three Includes chapters 5, 6 and 7. Chapter 5 describes in detail the 
study sites selected for the extended sampling strategy. Chapter 6 provides 
the rationale behind the methods selected for analysing the floristic data. 
Chapter 7 presents the results from the data analysis for all the 23 sites 
sampled. 
Part Four presents the spatial characterisation of transitional areas. Chapter 8 
submits the model devised to determine boundary types. This demonstrates 
the development of the research necessary to enable the characterisation of 
transitional areas. Chapter 9 translates the data analysis into different 
transitional types. Chapter 10 concludes this research by reviewing the initial 
aims of the research as stated in chapter 1, section 1.2 
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CHAPTER 2 
ECOTONES, ECOCLINES AND TRANSITIONAL AREAS BETWEEN PLANT 
COMMUNITIES - A REVIEW OF RELEVANT LITERATURE 
2.1 Introduction 
The quantity of literature that is directly related to the subject of transitional 
areas in vegetation is comparatively small. The most relevant material comes 
under the term 'ecotone' but this concept can only be meaningfully discussed 
after the concept of the plant community has been introduced. Various 
definitions of the ecotone are then presented and the confusing terminology 
surrounding the terms 'ecotone', 'ecocline' and 'coenocline' are reviewed. In 
the process, the reason for rejecting the term ecotone and replacing it wi th 
'transitional area' is explained. The concept of mosaics within plant 
communities is introduced and the importance of understanding and 
recognising mosaics when studying transitional areas is emphasised. 
Vegetation dynamics are explored in relation to vegetation management and 
biological conservation. The relevance of succession and climax concepts are 
reviewed. 
Landscape ecology addresses issues such as mosaics, corridors, linear features 
and networks and therefore the relationship between landscape and transitional 
area is evident. The concepts of the landscape matrix, patches and patch 
dynamics are reviewed. Implicit in these ideas, and a topic of much debate, is 
the question of scale. This is particularly relevant as mosaics can be observed 
at a variety of different scales. To expand these ideas further fractal geometry 
is also briefly discussed. 
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Finally, methods for studying variation in plant species composition across 
transitional areas are then examined. 
2.2 The plant community 
Ecotones or transitional areas can only be defined in relation to their adjacent 
plant communities. The plant community is thus central to the concept of the 
ecotone. A plant community is defined as:-
" . . . the collection of plant species growing together in 
a particular location that show a definite association or 
affinity wi th each other. The idea of association is very 
important and implies that certain species are found 
growing together in certain locations and environments 
more frequently than would be expected by chance." 
(Kent & Coker, 1992, p.14) 
Over this century, there have been various viewpoints on the nature of the 
plant community. Clements (1916, 1928) proposed the 'organismic concept ' 
in which he argued that communities were easily definable and recognisable 
and contained groupings of species that repeated themselves regularly in space 
in response to similar sets of environmental or controlling conditions (Figure 
2.1 a). The Clementsian view has also been described as the 'community-unit ' 
idea (Whittaker, 1951 , 1953). The question marks in Figure 2.1a correspond 
to the boundary areas between two community types. Clements failed to 
explain how such areas would fit into his organismic model. 
Gleason (1917, 1926, 1939), in response to Clements, proposed the 
'Individualistic concept' arguing that communities, defined as the same 
combinations of species repeated in space In response to similar patterns of 
variation In environmental conditions, do not exist. Each species responds 
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a) high 
Abundance 
of species 
low 
Species close together 
have similar habitat 
requirements for 
growth/survival. 
Environmental 
Gradient 
high 
b) high 
Abundance 
of species 
low 
Each species has different 
reqirements for grovirth and 
responds individually to 
environmental conditions 
low Environmental 
Gradient 
high 
FIGURE 2.1 a) The Clementsian view of plant communities expressed as 
species response curves along an environmental gradient 
b) The Gleasonian view of plant communities expressed as 
species response curves along an environmental gradient 
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independently in both space and time to a range of environmental gradients 
(Figure 2,1b). Thus every location on the earth's surface is unique and the 
resulting combination of species at any point on the earth's surface is therefore 
always variable and as an extreme viewpoint, could be described as unique. 
Whittaker (1953) and Whittaker & Levin (1977) provided a compromise in the 
'climax pattern hypothesis'. This envisaged a mosaic of different communities 
wi th repeating patterns at the regional scale, correlated wi th particular 
combinations of controlling environmental factors (Figure 2.2). Whittaker also 
acknowledged that transitional areas exist between major community types, 
demonstrating his acceptance of the ecotone concept, as then defined. In his 
original work on the vegetation of the Great Smokey Mountains of Tennessee 
and North Carolina, Whittaker (1948, 1956) showed how broadly similar 
conditions in terms of environmental factors and biotic controls will occur over 
considerable areas. Where the conditions repeat themselves, the vegetation 
community composition is repeated like similar fragments within a mosaic 
(Figure 2.2). Unfortunately, Whittaker did not go into great detail on the nature 
of the boundary areas between mosaic fragments, although he clearly 
recognised their importance and ecological interest. 
Using the same types of graphs as Figures 2.1 a and b, an approximation to the 
real world can be made, where over considerable areas, groups of species 
repeat themselves in space In the manner of Clements. Yet there are other 
areas in between that contain a mix of species from both adjacent communities 
which do not correspond to recognised major community types for the region 
(Figure 2.3). These latter areas are closer to the concepts of Gleason in that 
17 
FIGURE 2.2 Whittaker's climax pattern hypothesis based on topographic 
distributions of vegetation types on an idealised west-facing 
mountain and valley in the Great Smokey Mountains, USA. 
Vegetation types: BG beech gap; OF cove forest; F Fraser fir 
forest: GB grassy bald; H hemlock forest; HB heath bald; OCF 
chestnut oak-chestnut heath; OH oak-hickory forest; P pine 
forest and pine heath; ROC red oak-chestnut forest; S spruce 
forest: SF spruce-fir forest. (Redrawn from Whittaker. 1956). 
Note the absence of recognition of transitional areas and the 
assumed linear boundaries between community types. 
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Vegetation patterns are repeated where conditions 
(both environmental and biotic) are similar, creating 
mosaics within communities. 
high 
Abundance 
of species 
low 
mosaic 
Environmental 
Gradient 
mosaic mosaic 
high 
FIGURE 2.3 Whittaker's climax pattern hypothesis expressed as species 
response curves along an environmental gradient. 
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they are more ' individual' in character. More importantly, they also represent 
the ecotone or transitional areas. 
2.2.1 Recent developments in the plant community concept 
Recent advances in the conceptualisation of plant communities come from 
Hanski (1982a, 1982b, 1991) who proposed the 'Hanski core-satellite model ' ; 
Kolasa (1989) who developed ideas on hierarchical assemblage structure and 
form and Collins etal. (1993) who present the hierarchical continuum concept. 
a. The Hanski core-satellite model 
The basic model states that within any region, a positive relationship exists 
between the number of sites at which a plant species occurs and its average 
abundance in the region (Figure 2.4a). Thus using the same graph, four 
distinct types of species distribution can be recognised (Figure 2.4b): 
i) 'core' species - species that are widely distributed across the region 
wi th high abundance. 
ii) 'satellite' species - those wi th limited distribution in the region and 
low abundance. 
ill) 'urban' species - species with limited distribution but high abundance 
when they occur. 
iv) 'rural' species - species wi th widespread distribution but low 
abundance when they occur. 
The use of the terms 'urban' and 'rural ' is unfortunate and they do not Imply 
that such species are exclusively found in those environments. Rather the 
terminology refers to the types of species distribution and abundance. 'Urban' 
populations are characterised by high density within a relatively small area. 
'Rural' populations have low numbers over a wide area. 
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Urban 
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Environmental gradient 
FIGURE 2.4 a) The relationship between the number of sites occupied by 
a species and the average abundance of a species in a 
given region, showing the position of core, satellite, urban 
and rural species 
b) the distributions of core, satellite, urban and rural species 
along a hypothetical gradient (Hanski, 1982a,b;1991; 
Collins etaL, 1993 
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b. Kolasa's hierarchical community model 
Kolasa's (1989) model focussed on ideas relating to hierarchy theory and he 
explored the potential of applying this to community structure. Patterns were 
based on species abundance to determine communities irrespective of any 
interactions which may actually produce them. Kolasa's Ideas are particularly 
important In presenting a 'nested hierarchy of habitat units ' . 
c. The hierarchical continuum model 
Collins at aL (1993) incorporated Kolasa's ideas and presented the typical 
community as a hierarchical cont inuum. Figure 2.5 shows four different 
species types and distributions to illustrate this. Here a three level hierarchy 
is evident wi th 'core'/regional species widely distributed at level 1 plus the 
occasional 'urban' species; 'urban' species at level 2 and a mixture of ' rural ' 
and 'satellite' species at level 3. Not all communities will have three levels to 
the hierarchy; some, for example the tall-grass prairie in North America, have 
been shown to be 2-tiered (Collins, 1987; Glenn & Collins, 1990; Collins & 
Glenn, 1990, 1991). 
Collins et al. (1993) make the point that 'core' species are only of limited use 
in recognising and defining plant communities because they provide little 
information for distinguishing among communities and associations. Similarly, 
rare or 'satell i te' species wi th low abundance and restricted range are of little 
value in community definition. Such species are often down-weighted in 
methods for numerical community classification such as Two-Way Indicator 
Species Analysis (TWINSPAN) (Hill, 1979a). Such rare species make up much 
of the pattern, structure and diversity that represent the mosaics within plant 
communities. 
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Environmental gradient 
FIGURE 2.5 The hierarchical continuum model expressed as species 
response curves along an environmental gradient 
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Collins er a/. (1993) also stress the dynamic nature of the hierarchical 
continuum. If environmental conditions change, species wil l alter their 
distribution and abundance patterns along the environmental gradients. Finally, 
Collins et al. (1993) emphasise that the hierarchical continuum model is a 
model that needs to be tested and refined further, as suggested for all models 
of community by Shipley & Keddy (1987). 
These recent developments on the conceptualisation of plant communities are 
important in the understanding of transitional areas. Although assemblages of 
plants may be seen as a hierarchical continuum, the model also comes close 
to that presented in Figure 2.3 as a representation of the real wor ld. 
Combining the basic model of Figure 2.3 with the hierarchical structure of 
Figure 2.5 gives probably the best conceptual model available at the present 
time (Figure 2.6). The v iew taken in this thesis is that communities in the 
sense of Clements definitely exist in most natural and semi-natural vegetation 
and a set of 'community types' repeating in space can be recognised by 
phytosociological studies in most, if not all, instances. However, in any region, 
considerable areas of vegetation occur between these major plant community 
types and these contain a more 'individualistic' distribution of species in the 
sense of Gleason. It is these areas that correspond to the ecotone or 
transitional areas. 
A further important idea is that a different spectrum (not continuum) may exist 
In terms of variability in the degrees of sharpness wi th which Clements-type 
communities may be identified in any region of natural and semi-natural 
vegetation. Most natural and semi-natural communities tend to have more 
'blurred' boundaries than those that have been modified or created by human 
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FIGURE 2.6 The hierarchical continuum model combined with the climax pattern 
hypothesis expressed as species response curves along an 
environmental gradient. This represents the most sophisticated 
conceptual model of the nature of plant communites so far developed, 
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activity. However, even in natural communities, there may be a spectrum of 
different degrees of distinctiveness. 
2.3 The concept of the ecotone and transitional areas between plant 
communities 
Ecological transitional areas have been recognised since the 1 9th century, but 
it was Clements (1905) who first introduced the term 'ecotone' in his book on 
research methods In ecology. The word 'ecotone' is derived from the Greek 
roots oikos (home) and tonus (tension) and its original use in the context of 
adjacent plant communities related to the zone of tension between them 
(Daubenmire, 1968; Harris, 1988; Mirzadinov, 1988; van der Maarel, 1990; 
Gosz, 1991). 
2.3.1 Early history of the ecotone 
The early history of the ecotone concept is described by Holland (1988) and 
Jagomagi er a/. (1988). The earliest description of an ecotone is attributed to 
Livingston (1 903), who outlined a 'zone of tension' between plant communities 
in Michigan. Then Clements in 1905 used the term to denote the junction 
between two communities. Jagomagi er a/. (1 988) stress how few studies of 
ecotones have been completed and also demonstrate how the concept is used 
in the literature but without any clear definition. Various poorly defined terms -
border, edge, borderland, transition zone, tension zone, marginal zone, zone of 
intermingling, zone of transgression, are used In English and terms such as 
Randzone, Kampfelgurtel, Obergangsgebiet in German. 
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2.3.2 Definition of the ecotone 
Odum (1971) defined an ecotone as an area of: 
. . transition between two or more diverse 
communit ies", " . . . a junction zone or tension belt which 
may have considerable linear extent but is narrower than 
adjoining community areas themselves. The ecotonal 
community commonly contains many of the organisms of 
each of the overlapping communities and, in addition, 
organisms which are characteristic of and often restricted 
to the ecotone. Often, both the number of species and 
the population density of some of the species are greater 
in the ecotone than in the communities flanking it." 
(p. 157) 
Allen 8t Starr (1982) provide another definition: 
"a narrow ecological zone which possesses a mixture of 
floristic and faunistic characteristics in between two 
different and relatively homogeneous ecological 
community types. Ecotones often represent gradients 
between two vegetations wi th different physiognomies." 
(p .267) 
Holland (1988) offers a recent definition which has been accepted by SCOPE 
(Scientific Committee on Problems of the Environment) and MAB (Man and the 
Biosphere Programme of UNESCO):-
"An ecotone is a zone of transition between adjacent 
ecological systems, having a set of characteristics 
uniquely defined by space and time scales and by the 
strength of interactions between adjacent ecological 
systems." 
(p. 60) 
The most common use of the ecotone concept was to describe boundaries and 
transitions at the world biome scale and between vegetation formation types, 
such as tropical rain forest and savanna or tundra and northern boreal forest. 
Other good examples are the work in Wisconsin on the temperate 
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forest/grassland boundary by Curtis (1959) and the research on biome 
transitions in semi-arid and arid areas by Gosz & Sharpe (1989). 
Odum's (1971) definition, however, focuses specifically on the community 
level and organisms and suggests that species richness and diversity is greatest 
in the transitional zone. The wider the zone the better the potential for higher 
diversity. Allan & Starr (1 982) also define the ecotone at the community scale 
and stress the relative homogeneity of the community types on either side of 
the transition, when compared to the transition itself. Holland (1 988) presents 
a more general definition which is not restricted to a particular scale. The 
concept of time and the dynamic nature of the ecotone is introduced, implying 
that the nature of the zone will alter through time. Similarly the area and 
extent of the zone will not remain constant. 
These definitions also make inferences about the biodiversity within transitional 
areas, suggesting that the characteristics of such zones are distinct from their 
adjacent communities. Odum (1971) specifically suggests that diversity is 
greatest here. Hansen etal. (1 988a, 1988b) stress that transitional areas exert 
a strong influence on ecological diversity because they act both as barriers and 
as corridors for species exchange between gene pools. Their ideas therefore 
support higher biodiversity and species richness in transitional areas, and are 
allied to ' the edge effect ' (Odum, 1 9 7 1 ; Risser, 1987; Holland, 1988; Harris, 
1988). However, this notion is not universally accepted and transitional areas 
may also be poor in species (Odum, 1971 ; van der Maarel, 1976). 
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2.3.3 Ecotones and ecoclines 
Two extreme boundary situations, ecotone and ecocline, are recognised by 
various authors (Whittaker, 1960; van der Maarel, 1 964, 1976; van der Maarel 
& Westhoff, 1964; van Leeuwen, 1966; van der Maarel & Leertouwer, 1967; 
Hobbs, 1986). Whittaker (1960) independently used the term ecocline, also 
referred to as a coenocline (van der Maarel & Westhoff, 1964). Van Leeuwen 
(1966) termed these 'limes convergens' (ecotone) and 'limes divergens' 
(ecocline). 'Limes convergens' suggests concentration (a sharp boundary) 
whereas 'limes divergens' implies a dispersion (a gradual boundary) (van der 
Maarel, 1976). 
Van der Maarel (1990) stressed this important differentiation between ecotones 
and ecoclines and recognised the existence of a third category, mosaics. He 
stated that whilst the word 'ecotone' was originally used for large-scale 
boundaries (at the biome scale), because a great deal of research is now 
conducted at the community level, it is necessary to differentiate between 
ecotones and ecoclines. 
Using the term 'ecotone' thus tends to imply sharp boundaries, whilst in reality 
many are gradual or gradients. For this reason, it is proposed in this thesis that 
boundaries between plant communities should be referred to as 'transitional 
areas' (Hansen e ra / . , 1988a, 1988b) and that these may be represented by 
both ecotones and ecoclines defined as fol lows: 
An ecotone is usually a relatively rapid zone of change between two plant 
communities and a dynamic zone of tension which as a consequence is 
often unstable. The sharpest ecotones are most often those created or 
maintained by human activity (Figure 2.7a). 
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FIGURE 2.7 Graphical representation of cumulative change in species 
composition across (a) an ecotone (sharp boundary/change); 
(b) an ecocline (gradual boundary/change). 
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An ecocline is a more gradual gradient of vegetation change between two 
plant connmunities corresponding to a gradient of change in one or more of 
the underlying environmental or biotic factor(s) (Figure 2.7b). Ecoclines 
between plant communities tend to be wider than ecotones and are usually 
more stable because they are related to natural environmental factors rather 
than to human activity. However, it is clear that a spectrum between the 
two extremes exists. 
In the literature, there is a definite confusion in the use of the term 'ecocline'. 
Van der Maarel (1 990) equates it wi th the coenocline of Whittaker (1960), and 
Whittaker himself appears to have used the words interchangeably. This can 
be misleading as the term coenocline is normally equated wi th the sequence of 
bell-shaped or Gaussian response curves of species abundance in relation to an 
environmental factor or gradient (Figures 2 . 1 , 2.3 & 2.6). 
2.3 .4 Mosaics, ecotones and ecoclines 
Whittaker (1953) introduced the idea of the community types of a particular 
area being distributed as a 'climax pattern' that is related to the notion of plant 
communities as mosaics. The climax pattern will be 'a pattern of intergrading 
communities corresponding to a pattern of environmental gradients.' The most 
extensive types will repeat themselves over the landscape wherever particular 
combinations of environmental and biotic factors occur. Whittaker & Levin 
(1977) stress the importance of mosaic phenomena in natural communities and 
describe mosaics as having ". . . wide, if not universal, occurrence." (p.136). 
Whittaker (1953) originally described this in terms of patterns of climax 
communities at the regional scale. However, patterning also occurs at more 
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detailed scales within both climax and sub-climax communities and across 
transitional areas between those communities. The whole problem of scale and 
repeating patterns within mosaics at different scales and their relationships to 
the concept of fractals is examined further within section 2.4. Hansen et al. 
(1988a) recognise a category of ecotone that they call 'mosaic ecotones'. In 
reality, however, most, if not all, transitional areas contain a degree of 
mosaiclng. 
Whilst the ecotone and ecocllne clearly represent the two extreme types of 
transitional areas, a spectrum of variation exists between these (Figure 2.8). 
Mosaics can be superimposed on ecotones or ecoclines, it is possible that they 
could also form a distinct boundary type. However, it is important to recognise 
that mosaicing will have an Impact on boundary types, a feature first 
recognised by van der Maarel (1976). 
Transitional areas are typically linear features, but may vary in width, i.e. length 
across the zone from one community to another. Where both natural and biotic 
factors are present, the transitional zone will display greater heterogeneity wi th 
distinct vegetation patches resulting in mosaics. 
2.3.5 Linearity and patch dynamics in landscape ecology 
The concept of linearity of transition zones between plant communities relates 
to the matrix and network concept applied to community, habitat and 
ecosystem boundaries by Forman & Godron (1981 , 1986). Linearity in this 
context refers to a change from one community or land use type to another 
across some linear boundary. Forman & Godron (1 986) introduce the idea of 
landscape ecology and segregate the landscape Into a variety of components 
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FIGURE 2.8 The linear nature of transitional areas demonstrating the 
different widths of ecotones and ecoclines with mosaicing 
superimposed upon them 
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or elements. The smallest component is a 'patch ' , defined rather loosely as 
being different from its surrounding area. The next level is the 'matr ix ' which 
may contain a number of patches. One matrix may be distinguished from 
another through the species structure or composition of its patches. An 
example may be a forest adjacent to agricultural land, the forest wil l form one 
matrix, the agricultural area another. A particular patch is separated from the 
matrix and adjacent other patches by an 'ecotone' or 'overlap zone'. The term 
'ecotone' in this sense is misused as Forman & Godron (1986) state that the 
overlap zone may either be sharp or gradual, which describes both the ecotone 
and the ecocline. 
Further concepts are introduced including 'disturbance patch ' , 'environmental 
resource patches', 'matrices' and 'networks ' (Forman & Godron, 1986). A 
'disturbance patch' occurs where the land has experienced some severe form 
of perturbation which may be natural or anthropogenic and the patch edges are 
sharp. 'Environmental resource patches' are the result of variation in 
underlying environmental factors and wi th patch edges less clearly defined, 
'Matr ices' of vegetation types or land uses interconnect through corridors to 
form 'networks ' . 
Whilst this work reinforces the contention that the term 'ecotone' has been 
poorly defined and widely misused (van der Maarel, 1 990), Forman & Godron's 
(1986) definitions of 'disturbance patch' and 'environmental resource patch' 
clearly indicate the types of boundaries each will create. The disturbance patch 
will have an ecotone (sharp) boundary, the environmental resource patch an 
ecocline (gradual) boundary. 
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An important related concept is that of 'patch dynamics' (Levin & Paine, 1 974; 
Levin 1976; Pickett & Thompson, 1978; Pickett, 1980; Sousa, 1984; Pickett 
& White, 1985; Holland, 1988; Hansen et al., 1988a, 1988b; Gosz, 1991). 
All patches have linear or curvilinear edges and the size and shape of patches 
are of considerable significance. Patch size can be correlated with edge length 
(Naiman er a/., 1988). Patches are also components of mosaics at the 
particular scale of the plant community and patches themselves have mosaics 
or other patches within them. 
There are clear links between the ideas of Forman & Godron (1986), concepts 
of 'patch dynamics' and transitional areas. 
2.3.6 Environmental and biotic controlling factors in transitional areas 
The factors controlling floristic variation across transitional areas fall into two 
categories - natural and human/biotic factors. Table 2.1 presents a simple 
model illustrating how each factor controls the nature and distribution of 
vegetation within the transitional area. As shown in Table 2 . 1 , ecoclines (F) 
are primarily controlled by natural/semi-natural environmental factors and tend 
to produce wider zones of transition. At the other extreme ecotones (A) are 
often narrow in width and are controlled by human/biotic factors. A spectrum 
exists between these two extremes wi th varying degrees of overlap between 
natural/semi-natural and human/biotic factors. As a conceptual model of the 
structure and function of transitional areas, the ideas presented in Table 2,1 are 
very important. 
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T y p e s of transit ions: 
acute ecotone 
sharp ecotone 
less sharp ecotone 
definite gradient (ecocline) 
gradient (ecocline) 
diffuse/subtle gradient (ecocline) 
T R A N S I T I O N A L A R E A S 
E C O T O N E E C O C L I N E 
A B C 0 E F 
Geology Geology Geology Geology Geology Geology N F 
Moisture Moisture Moisture Moisture Moisture Moisture A A 
Topography Topography Topography Topography Topography Topography T C 
Soil depth Soil depth Soil depth Soil depth Soil depth Soil depth U T 
- PH pH pH pH pH R 0 
- Soil Soil Soil Soil Soil A R 
nutrients nutrients nutrients nutrients nutrients L S 
- - Altitude Altitude Altitude Altitude 
- - Micro- Micro- Micro- Micro-
climate climate climate climate 
Aspect Aspect Aspect 
Landscaping Landscaping - - - - H F 
Road Road Road - - - U A 
Track Track Track Track - - M C 
Burn-Line Burn-Line Burn-Line Burn-Line - - A T 
Plough Line Plough Line Plough Line Plough Line - - N 0 
Quarry Quarry Quarry Quarry - - R 
Forest Forest Forest Forest - - S 
Wall Wall Wall Wall Wall -
Mowing/ Mowing/ Mowing/ Mowing/ Mowing/ -
cutting cutting cutting cutting cutting 
Fence Fence Fence Fence Fence Fence 
- - Grazing Grazing Grazing Grazing 
TABLE 2.1 The spectrum from ecotone to ecocline Indicatino the varying 
roles of natural and human factors 
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2.4 The dynamic nature of transitional areas between plant communities 
Vegetation dynamics and successional processes are also important in the 
study of transitional areas. Research has involved the description and analysis 
of vegetation change through time (Miles, 1979; van der IVlaarel, 1984a; 
Mcintosh, 1985; Crawley, 1986; Burrows, 1990; Luken, 1990; Glenn-Lewin 
era/ . , 1992). Transitional areas may sometimes correspond wi th boundaries 
between successional stages. Thus different types of transitional area may be 
recognised in relation to the degree of successional advancement in the 
communities on either side. In some situations, the explanation for the nature 
of the transition may be due to internal dynamics of plant communities rather 
than to external factors such as environmental factors and gradients and biotic 
controls. 
Both plant communities and transitional areas exhibit structure and function. 
Structure is expressed by spatial pattern and variability in species composit ion. 
This study is primarily concerned with the description of structure (spatial 
pattern and variability in floristic composition) but explanation of these patterns 
is only possible through an understanding of function (vegetation dynamics). 
However, little specific literature exists on the significance of functional 
processes to community and ecosystem boundaries. 
2.4.1 Vegetation and floristics - the outward Indicator of change in 
ecosystems 
Vegetation is considered to be the outward visible expression of ecosystems, 
therefore working wi th vegetation is the major way of understanding 
ecosystems. "Vegetation is the most sensitive and physiognomic indicator of 
a change in natural complexes . . ." (Prozorova, 1988, p.25). 
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Any changes occurring will thus be reflected in the composition and structure 
of the vegetation. This is particularly important in terms of recognizing the 
effectiveness of different management regimes. Whilst plant communities may 
take longer to show signs of stress or disturbance, the transitional areas may 
indicate changes more rapidly. Gosz & Sharpe (1989) acknowledge that 
ecotones (transitional areas) "can be sensitive indicators of change" (p.230). 
This is due to the fact that the transitional area is the more dynamic zone. It 
is subjected to autogenic processes occurring within each adjacent community, 
it will also be affected by any allogenic processes occurring within that 
particular vicinity. 
2.5 The relevance of transitional areas to biological conservation and 
vegetation management 
Transitional areas are becoming increasingly important in landscape 
management (Forman & Godron, 1986). Characterising the structure of 
transitional areas will help in understanding the functioning of both the 
transitional area and the adjacent plant communities. Transitional areas are 
highly variable and a classification is necessary to characterise them (Hobbs, 
1986; Jagomaegi etal., 1988; Prozorova, 1 988). Once the patterns have been 
recognised it should then be possible to understand the processes involved. 
Such understanding is a vital pre-requisite to vegetation management (Jongman 
era / . , 1987; Krummel etal.. 1987). 
In terms of biological conservation and management, it is necessary to place 
this research in the broader framework of upland ecosystems. This work 
provides only part of the information required for understanding the functioning 
of upland ecosystems. There has been a distinct lack of published research 
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into the floristic composition of transitional areas. However, the importance of 
vegetation for indicating change is acknowledged (Prozorova, 1988). To 
understand the functioning of plant communities observations of their structure 
must not be restricted to the community itself but must also include 
information from the boundaries/edges. Focusing attention on plant 
communities alone will exclude a large proportion of the integrated landscape. 
2.6 Scale in ecological studies and its relevance to research into transitional 
areas between plant communities 
The problem of scale in ecological studies has received extensive attention in 
the literature and yet the whole issue remains confused (Mitchell, 1974; 
Bartlett, 1 975; Levandowsky & White, 1977; Fuller, 1983; Wiens era/. , 1985; 
0kland, 1 986a, 1986b, 1 986c; O'Neill er a/., 1986; Hengeveld, 1987; Urban 
e ra / . , 1987; Delcourt & Delcourt, 1988; Palmer, 1988; Risser e ra / . , 1988; 
Meentemeyer, 1989; Turner era / . , 1989d; Wiens, 1989; Carlile era / . , 1989; 
van Hoeff & Glenn-Lewin, 1989; Legendre & Fortin, 1989; Menge & Olson, 
1990; Allen & Hoekstra, 1990; Hoekstra e ra / . , 1 9 9 1 ; O'Neill e ra / . , 1991b; 
Levin, 1992). 
Equally, problems of scale in relation to research in vegetation science are 
widely recognised (Rowe, 1961 ; Mitchell, 1 974; Delcourt era/. , 1983; 0k land, 
1 986a, 1 986b; Hengeveld, 1987; Niering, 1987; Urban er a/., 1 987; van der 
Maarel, 1988a; Gosz & Sharpe, 1989; van Hoef & Glenn-Lewin, 1989; 
Legendre & Fortin, 1989; Wiens, 1 989; Allen & Hoekstra, 1990; O'Neill era/ . , 
1991b; McLaughlin, 1992). 
Much of this literature is poorly expressed and there are difficulties over the 
consistent definition and use of many terms. Nevertheless, an understanding 
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of the nature of scale problems In research into transitional areas between plant 
communities is Important. 
"Plant ecologists long ago recognised the importance of 
sampling scale in their descriptions of the dispersion and 
distribution of species (e.g. Greig-Smith, 1952). 
However, many ecologists have behaved as if patterns 
and the processes that produce them are Insensitive to 
differences in scale and have designed their studies wi th 
little explicit attention to scale." 
(Wiens, 1989, p.385) 
2.6.1 Sampling and the 'scientific method' in relation to scale 
Most ecological studies are performed at local scales (community/ ecosystem 
level). Nevertheless, some ecologists believe that by studying processes at this 
scale, global scale outcomes can be predicted (Menge & Olson, 1990). For 
example, the National Science Foundations Long-Term Ecological Research 
Program (LTER) is concerned with global issues at wide scales. However the 
majority of its research is focused on sub-community, community and 
landscape (sub-regional) levels (Swanson & Sparks, 1990). Whilst local scale 
studies form an important focal point, the rate and nature of change occurring 
at these level cannot necessarily be directly translated to higher scales, i.e. 
regional/continental/global levels (Dale et al., 1989). For example, 
microclimatic effects on a community may not be obvious through the 
composition at the local scale. However on a regional scale climatic effects 
could be quite marked. 
"The relationships between climate and vegetation that are 
evident at broad scales, for example, may disappear at finer 
scales, overridden by the effects of competit ion and other 
biological processes (Grieg-Smith, 1979; Woodward, 
1987) . " (Wiens, 1989, p.386) 
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Jeffers (1988) addressed this problem in some depth in terms of scientific 
method and argues that most of the difficulties that occur wi th spatial and 
temporal data collection and analysis within the biosphere arises from failure 
to apply the strict rules of scientific method. At every spatial, temporal or 
organisational level, prior hypotheses and goals must be formulated and data 
collected in carefully prescribed ways for hypothesis testing and revision. Too 
much data collection is insufficiently rigorous and he concludes: "The search 
for a method, computational or conceptual, that wil l convert a haphazard 
collection of data into a useful working hypothesis is a delusion!" (Jeffers, 
1988, p.55). 
Early work on boundaries was performed at larger spatial scales, studying 
biomes and inter-country changes (Curtis, 1959). Recent work on transitional 
areas focuses on global impacts affecting landscape boundaries and regional 
biomes (Gardner et a/., 1987; Gosz & Sharpe, 1989; Correll, 1991 ; Gosz, 
1991 ; Holland & Risser, 1991 ; Naiman & Decamps, 1 9 9 1 ; Neilson, 1 9 9 1 ; 
Sedel lera/. , 1 9 9 1 ; Turner era/. , 1991). However, the importance of studying 
transitional areas at a local scale is recognized (Naiman & Decamps, 1991). 
Local, in their sense, refers to the ecosystem scale. Research of small spatial 
areas is essential particularly to help wi th management of natural resources. 
Recognising and describing the processes occurring at these levels wil l help in 
understanding the functioning of an ecosystem as a whole. 
2.6.2 Spatial, temporal and organisational scales 
Three different sources of variation in scale within ecological systems are 
recognised in the above literature: spatial, temporal and organisational. Figure 
2.9, adapted from Swanson & Sparks (1990), illustrates the commonly 
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10' SAMPLE POINTS 
FIGURE 2.9 Spatial scales in ecological research identified as part of the 
Long-Term Ecological Research (LTER) programme and the 
International Geosphere Biosphere Programme (IGBP) (after 
Swanson and Sparks (1990) 
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Identified spatial scales of ecological research. However, numerous authors 
show how spatial and temporal scales are related (Schumm & Lichty, 1965; 
Harrison & Warren, 1970; Knoll, 1986; Wiens et al., 1986; RIcklefs, 1987; 
Delcourt & Delcourt, 1988; Meentemeyer, 1989; Turner et al., 1989a, 1989b, 
1989c, 1989d; Wiens, 1989; Levin, 1992). Figure 2.10a,b,c shows how the 
larger the spatial area of ecological study, the greater the timespans over which 
it will also normally have to be examined. 
Spatial scales identify changes In pattern occurring at different sites at the 
same point in time. Often, but not always, these changes may reflect allogenic 
differences, for example changes in environmental conditions. Temporal scales 
Indicate changes occurring at the same site over time and reflect both allogenic 
and autogenic processes, including succession and competit ion. Most studies 
focus on spatial variations. Temporal scales are more difficult to study, 
particularly where there are constraints on the time available to carry out the 
research. However, to gain a complete understanding of the functioning of any 
ecosystem it is necessary to address and study both spatial and temporal 
patterns. 
"The ideal solution would be to explore a wide spectrum 
of spatial and temporal scales, because no single choice 
of scale yields a complete understanding." 
(Wiens et al., 1986, p.153) 
The situation Is further complicated because of the recognition of a scale of 
organisation in ecology, as well as spatial and temporal scales. Rowe (1961) 
was the first to identify the range of organisational scales (Figure 2.11). These 
have since been developed further within the context of hierarchy theory 
(O'Neill e ra / . , 1988a). 
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ecological/geographical research 
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space and time 
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OBJECT OF STUDY F I E L D OF STUDY 
COSMOLOGY 
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GEOGRAPHY 
BIOLOGY 
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CHEMISTRY 
PHYSICS 
FIGURE 2.11 Ecological objects of study at increasingly inclusive levels of 
organisation; some corresponding fields of study are also shown 
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2.6.3 Hierarchy theory and scale in ecology 
The need for organisation in systems was recognised by Bertalanffy (1950) 
who developed the 'General Systems Theory' and Feibleman (1954) who 
introduced the 'Laws of the Levels' emphasising that to understand one level 
requires information from levels both above and below the level of focus. 
Koestler (1 967, 1969) and Simon (1962, 1969) developed the theory further 
to cover complex multi-scaled systems. Rowe (1 961) describes several early 
attempts to formalise scale In ecological studies through various hierarchical 
theories by a number of ecologists including Egler (1942) - vegetation; Novikoff 
(1945) - biology generally; Odum (1959) - ecosystems; Mayr (1955) -
speciation and Wright (1 959) - genetics; each presenting levels of organisation 
with differing start and end points. However, each could only be applied to its 
particular sub-area and thus they were not necessarily integrated hierarchies. 
In response to this, 'hierarchy theory' emerged, which is concerned wi th 
organising systems according to complexity and at multiple scales (Webster, 
1979; Allen & Starr, 1982; O'Neill et al., 1986; Urban et a/., 1987; O'Neill ef 
a/., 1988a; Hoekstra et al., 1 991), Key features of hierarchy theory are that 
a set of nested levels can be identified within ecological systems and that 
phenomena and processes at any one level (0) can only be understood by 
reference to levels above (-Hi) and below (-1) the level of interest. The level 
above ( + 1) also sets the context of the level of interest (0), while the level 
below (-1) usually assists wi th understanding of the processes operating at the 
level of interest. Another major tenet of hierarchy theory is that smaller (lower) 
subsystems function and change more rapidly than larger (higher) ones (Bailey, 
1985; O'Neill etal., 1986; O'Neill era/ . , 1988a; Norton & Ulanowicz, 1992). 
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Understanding of a particular ecological phenomenon depends very largely on 
referencing the next highest and lowest scales of resolution. Levels lower than 
-1 are too small and too fast to be of any value and appear as a kind of 
background 'noise'. Similarly, levels higher than + 1 are too large, too slow for 
the understanding of process, too generalised and can usually be ignored. In 
this way, hierarchy theory draws an ecological phenomenon out of its spatial 
and temporal context and emphasises its organisational position. 
Spatial and organisational hierarchies also overlap to a considerable extent, but 
not completely. Rowe's initial hierarchy ideas (1 961) (Figure 2.11) show this 
overlap clearly, for example the 'ecosystem' and 'organism'. Similarly, Allen 
& Hoekstra (1990) present a different set of eight organisational levels for 
ecology and make the key point that the organisational level of the ecosystem 
can exist at a variety of spatial scales. 
To illustrate the need for new ideas on hierarchy, Allen & Hoekstra (1990) 
proposed a 'new general framework' based on spatial scale (Figure 2.12), 
allowing all the major types of ecological entity or organisation to exist at all 
levels. Ecological systems are shown as a cone rising from small to large scale 
wi th the six organisational entities of organism, population, community, 
ecosystem, landscape and biome shown as being capable of existence at all 
scales. The cone thus portrays both an ordering by scale and a separation of 
types of ecological entities, but shows that scale and type are independent of 
each other. 
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LARGE SCALE 
A 
t 
SMALL SCALE 
A shift upward finds the 
context or the role of the 
lower level, while a move 
downwards to smaller scales 
may reveal the mechanism. 
O - organism 
P - population 
C - community 
E - ecosystem 
L - landscape 
B - biome 
FIGURE 2.12 Types of ecological entity and their interrelationships at different 
scales of observation. O = organism; P = population; C = community; 
E = ecosystem; L = landscape; B = biome 
(Allen & Hoekstra. 1990) 
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2.6.4 Hierarchy theory, stability, persistence and disturbance 
Rahel (1990) relates hierarchy theory to the notion of stability in ecological 
systems. He argues that levels of persistence and stability vary at different 
spatial and organisational scales. As an example, at the community scale and 
above (both spatial and organisational), many assemblages are relatively stable 
in terms of the presence and absence of species but become unstable when 
species abundances are considered. He believes that judgements about the 
nature of community persistence and stability are only appropriate for a 
particular scale and type of data and full understanding of any community 
requires that it be studied and interpreted at more than one scale. Rahel 
(1990) concludes: 
"Such multiscale comparisons help resolve paradoxes that 
arise when different investigators, using different scales 
to examine the same communities, arrive at different 
conclusions about the factors structuring those same 
communit ies." (p.342) 
Similar conclusions are reached by Chaneton & Facelli (1991) who studied 
disturbance effects at two scales (stand and patch) and three levels of species 
dominance in flooded and heavily cattle-grazed pastures. Comparisons among 
grassland species assemblages and disturbance effects were shown to be 
scale-dependent. 
Pickett et a/. (1989) describe the relationships between the concept of 
disturbance in ecosystems and its expression at different hierarchical scales. 
Their key point is that any persistent ecological entity is dependent on the 
stability and lack of disturbance of other lower level entities in the hierarchy. 
The process of disturbance is often related in entities at lower scales in 
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ecological systems (-1) while the external result is manifested at the next 
higher scale or level (0). 
All of these examples serve to demonstrate that there is no one correct scale 
or level at which to view ecosystems. The individualistic way in which species 
and communities respond to disturbances and environmental factors means 
that a community or ecosystem is in many ways just an arbitrary subdivision 
along the cone scale of Allen & Hoekstra (1990) (Figure 2.12). Nevertheless, 
for any study, that point has to be defined along wi th the hierarchical levels 
above and below (Levin, 1992). 
2.6.5 Fractals in ecology and vegetation mosaics as examples of fractal 
patterns 
Fractal analysis is a new research area of potential relevance to the study of 
vegetation and plant community mosaics (Burroughs 1 9 8 1 ; Krummel er a/., 
1987; O'Neill er al., 1988b; Milne, 1988, 1991a, 1991b; Wiens & Milne, 
1989; Turner et al., 1989b). The concept of fractals and the word ' f ractal ' 
dates from the work of Mandelbrot (1 977, 1982) and is derived from the Latin 
' f ractus' (to break) meaning self-similar and applicable across any scale (Gleick, 
1987). The key concept of fractal geometry is self-similarity whereby an entity 
can be reduced into smaller copies of itself at smaller and smaller scales 
(Peitgen & Saupe, 1 988; Sugihara & May, 1990; Williamson & Lawton, 1 9 9 1 ; 
Hastings & Sugihara, 1993). The subject has become very popular among 
mathematicians and computer scientists because of the elegance of the 
mathematics involved, and the attractive and beautiful patterns that can be 
created (Peitgen & Richter, 1986; Barnsley, 1988). 
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Fractals and their relevance to vegetation and ecosystems are described in 
Bradbury era/ . (1984); Frontier (1987); Sugihara & May (1990), Williamson & 
Lawton (1991) and Hastings & Sugihara (1993 - especially chapter 10). In 
vegetation mosaics, observed changes in pattern may actually be the repetition 
of the same pattern at nested scales, as suggested by the concept of fractal 
pattern. 
Fractal in this sense does not imply that areas of the same size are identical in 
different locations, but that the same pattern will repeat itself at different 
spatial scales (Palmer, 1992). For example, observing an upland landscape 
covering several kilometres distinctive patterns may be distinguished. These 
may include a stream, valley bogs, acidic grassland, heather moorland, bracken 
infestations and a wood. Observed at this landscape level they form quite 
discrete groups, a mosaic of different community types. Scaling down to a 
more detailed level the composition of those discrete stands will be seen to 
incorporate another level of detail. Within the heather areas there may be 
mosaics of other ericaceous species, grasses and/or bryophytes; similarly some 
areas within the whole may be represented by pure stands of heather of 
different ages. It is this property which makes more detailed analysis essential, 
whilst adopting an ecosystem approach. 
Although the use of fractals is not of immediate relevance to the present study 
of transitional areas in terms of floristics, they are relevant within this 
discussion of scale problems in vegetation survey at the community level and 
the idea of communities and sub-communities as mosaics. As Levin (1992) 
concludes "The power of methods of spatial statistics such as fractals . . . is 
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in their capability to describe how patterns change across scales." (Levin, 
1992, p.1960). 
2.7 Ecological and statistical methods for describing and analysing data on 
the floristics of transitional areas 
There is very little literature directly on methods for either the description or the 
analysis of floristic data across vegetation boundaries. Various analytical 
approaches to the study of boundaries have been devised but many of these 
are only suited to univariate rather than multivariate information and are thus 
not appropriate for the floristic data upon which this study is based. 
2.7.1 "On the establishment of plant community boundaries" (van der Maarel, 
1976) 
This paper by Van der Maarel (1976) was the first to indicate the potential 
relevance of and possible adaptations that could be made to established 
methods of quantitative plant ecology in order to study variation across 
transitions. He was also the first author to introduce the idea of edge or 
boundary detection between plant communities. He describes how a supposed 
boundary may be studied by laying out a transect at right angles to the 
boundary or transition zone. 
The first and simplest descriptive measure across such a boundary will be a 
graph of abundance or height of selected dominant species. A second 
possibility is the drawing of boundaries between obviously different areas of 
species or sub-communities. A further suggested approach involves what he 
calls 'line taxat ion' . This is where quadrat samples taken along a transect line 
at right angles to the boundary zone are sorted either by eye or by using some 
form of numerical classification. He indicates that some kind of diagonal 
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structure should be displayed in the resulting taxonomic table. Any boundary 
is then detected visually from the table. 
Next he describes 'floristic contrast' (PC) and 'floristic fal l ' (FP). These are 
attributed to the German ecologists Grisebach (date unknown) and Walter 
(1927). 'Floristic contrast' is defined in terms of two adjacent areas A and B 
as fol lows: 
FC^B = (SA -SAB) + (SB " S^B) = + SB - 2S;,B 
where 8^ and Sg are the number of species found in areas A and 
B respectively and S^B is the number of species that areas A and 
B have in common. 'Floristic fair was defined in the same way 
but for areas much further apart (100 km in the example cited by 
van der Maarel, 1976). 
Of greater relevance to this research is 'percentage floristic contrast' (PFC) 
which was a precursor to the wide range of similarity coefficients now available 
to describe differences in floristic content between vegetation samples: 
PFC^B = a v ^ t ^ B - 2S,,B 
SA + SQ - S^B 
If this is rewritten as: 
SA^ 
S^  + Sp - s B ^AB 
then the PFC becomes the complement of the Jaccard similarity coefficient 
(Jaccard, 1901 , 1928). Van der Maarel then introduces a measure of 
heterogeneity (H) based on Williams er a/. (1966) and van der Maarel (1966): 
H = I S ^ ^ ^ B ) + (SB - S,,BI 
2 
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This measure, equivalent to half the number of non-common species, is the 
same for floristic contrast (FC) except that 2 is used as a denominator. This 
measure is also related to the coefficient of squared Euclidean distance, one of 
the subsequently most widely used techniques in quantitative plant ecology 
(Causton, 1988; Kent & Coker, 1992). 
Finally van der Maarel introduces what he describes as 'Percentage 
dissimilarity' (PD) as a dissimilarity coefficient: 
PD = 100 1 l D ( a l , X lD (b) j 
Ip(a) i ' + Ip(b)^^ - Ip(a)i X p(b)i 
where a and b are two quadrat samples and p is the 
percentage cover or abundance of species i in sample a 
and species j in sample b. 
Van der Maarel (1976) shows how the dissimilarity values can be plotted as a 
'differential profile' as in Figure 2.1 3, which shows floristic contrast between 
adjacent quadrats in a simulated transect wi th a boundary between quadrats 
C and D. Figure 2.13 also shows the computed values for the other statistics 
described above. One other measure, GG, is included in Figure 2.13, and is 
related to the idea of floristic fall. This identifies the number of species in a 
quadrats which are absent in one or both of the adjacent quadrats. 
Finally, van der Maarel introduces GRS, which is based on the calculation of 
the average correlation or similarity between all pairs of species in any quadrat. 
Relatively homogeneous quadrats wil l have high GRS values while across any 
boundary, the GRS value will be much lower. Fresco (1 972) argues that GRS 
is a better measure because the average correlation fluctuates less than the 
other measures described by van der Maarel. Exactly how the correlation 
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FIGURE 2.13 A differential profile across a transitional or ecotone area 
between two plant communities using the various indices 
and approaches of van der Maarel (1976) 
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coefficient for each pair of species within a quadrat Is derived is not clearly 
explained, but it presumably involves intensive sub-sampling of every quadrat 
to gain the Information for the correlations. 
Van der Maarei also takes his idea of differential profiles using percentage 
dissimilarity (PD) and shows how they may vary theoretically along a 
continuum from narrow ecotone (limes convergens) to wide ecocllne {limes 
divergens) (Figure 2.14). 
Despite being nearly 20 years old, van der Maarel's (1976) paper on plant 
community boundaries remains one of the most important dealing wi th floristic 
variation across transitional areas. 
2.7.2 More recent developments 
The best summaries of possible approaches to the collection and analysis of 
data across transitional areas and plant community boundaries are Legendre & 
Fortin (1989), Gosz (1991), Turner & Gardner (1991a, 1991b) and Turner et 
al. (1991). Many more recent ideas have come from landscape ecology 
(Forman & Godron, 1986; Turner, 1987, 1989). The fol lowing major 
developments in technique are summarised: Moving w indow analysis; pattern 
analysis and analysis of data by blocking; and, analysis of remotely sensed 
Images. 
a. Moving window analysis 
Of the various techniques reviewed in this section, moving w indow analysis is 
probably of the greatest potential utility in the analysis of floristic data across 
transitional areas. The method comes under the general heading of 'edge 
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PD. 
PD. 
FIGURE 2.14 Variations in differential profiles using percentage dissimilarity (PD) 
along a continuum of profile from a (left) narrow transition or ecotone 
to a (right) wide transition or ecocline. Upper graphs show patterns 
produced by plotting PD values for adjacent pairs; lower graphs 
show PD values for each successive quadrat across the transition in 
relation to the first one (the scale is inverted) 
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detection' methods that were originally devised to locate discontinuities along 
ecological (soil and vegetation) gradients (Whittaker, 1960; Webster, 1973; 
Stein & Ludwig, 1979; Ludwig & Cornelius, 1987 and Wierenga era/ . , 1987). 
The major advantage of this approach is that multivariate floristic data can be 
analysed along a transect or spatial gradient. Problems nevertheless exist wi th 
the method, as described by Brunt & Conley (1990). 
b. Pattern analysis and analysis of data by blocking 
Pattern analysis in plant ecology has its origins in the work of Greig-Smlth 
(1952). The aim of such analyses was to determine whether individual species 
within a community were distributed regularly, randomly or in a clustered 
fashion, in other words, whether they showed pattern or not. In order to 
determine regularity, Greig-Smith used systematic sampling of a grid of 
contiguous quadrats. The method was modified for use wi th line transects by 
Kershaw (1 957). The dimensions of the transect or each side of the grid has 
to be a power of two i.e. 2,4,8 etc. for a line or 2x2, 4x4, 8x8 etc for a grid. 
A range of abundance measures can be applied including percentage cover, 
density, frequency or biomass (Causton, 1988; Kent & Coker, 1992). An 
important point and limitation is that only one species can be analysed at any 
one time. 
There are many problems in the application of this method and these are 
described in Pielou (1 975); Ripley (1978); Ludwig (1979); Grieg-Smith (1 983) 
and Kershaw & Looney (1 985). Various improvements have been suggested, 
notably by Hill (1973a) and Ludwig (1979) but problems still remain. 
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The theoretical relevance of this approach to transitional areas could lie in its 
use to analyse pattern of individual species within communities A and B on 
either side of a transition and the pattern across the transition itself. However, 
very detailed and intensive sampling would be required and little information 
would be gained other than whether pattern of individual species changed 
generally across a vegetation boundary. Even then, there would be sampling 
problems as to where communities A and B begin and end and despite the very 
complex analysis, the limitations of the method mean that results could not be 
interpreted wi th certainty. Separate analysis would need to be completed for 
every species and only those with widespread abundance would be suitable. 
To overcome the latter problem, Gibson & Greig-Smith (1986) proposed a 
method of community pattern analysis based on the use of local variance 
analysis of ordination axis scores from a set of samples along a transect or 
gradient. Although this allows the simultaneous examination of species to 
show evidence of pattern in floristic data, as wi th the simpler forms of pattern 
analysis, the results only indicate whether a degree of regularity exists in a set 
of transect data or not and this information is of limited value in the elucidation 
of ecotones and ecoclines in transitional areas. 
c. Analysis of remotely sensed images 
A radically different approach to the study of transitional areas between plant 
communities is offered by the use of remote sensing imagery and techniques. 
Remote sensing, through aerial photography and more recently through 
airborne thematic imagery and satellite imagery, is becoming increasing 
important in ecological studies (Gosz & Sharpe, 1 989) particularly in mapping 
and monitoring vegetation (Saxon & Dudzinski, 1984; Weaver, 1984; 
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Goldsmith et al., 1986; Stuart & Hogg, 1987; Weaver, 1987, Malingreau, 
1989; Estes & Costentino, 1989; Mather, 1991 ; Haines-Young, 1993). 
Most analysis of imagery has used methods of textural analysis (Haralick era/ . , 
1 973; Haralick & Shanmugam, 1974; Haralick, 1979; Musick & Grover, 1991). 
However, the textures examined are only characterised at relatively small 
(general) scales in terms of general mixtures of different habitats and land uses 
rather than more detailed variation in floristics within natural and semi-natural 
vegetation. 
There is no question that remote sensing has potential for ecotone detection 
(Ghiselin, 1977; Estes & Cosentino, 1989; Johnson & Bonde, 1989). 
However, two major problems limit the value of digital imagery at the present 
time. Firstly, individual pixel size is too large in most cases to enable detailed 
variations in floristics to be examined. Thus only changes in major and 
dominant species and physiognomy can be detected wi th accuracy. Secondly, 
the calibration of images with species composition is only in its infancy and 
numerous difficulties exists in the correlation of varying mixtures of species 
that occur on the ground at detailed scales wi th the signature on associated 
imagery. Despite these limitations emphasis is placed on the use of 'vegetation 
index analysis' which relates to the spectral properties of vegetation 
(Malingreau, 1989). Once these properties are determined it should be possible 
to model vegetation indices, which will be Invaluable in future ecological 
studies. 
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2.7.3 Summary of the methods reviewed 
Although a range of methods exists for the examination of variability in species 
and floristic content across transitional areas, most have difficulties and 
problems attached to them. From the standpoint of this thesis, which is 
concerned wi th patterns of floristic variation across transitional areas and the 
characterisation of types of ecotone and ecocline, the techniques wi th the 
greatest potential are dissimilarity and similarity coefficients and the moving 
window analysis. These approaches are adapted and utilised later. 
2.8 Chapter summary 
This chapter has reviewed the literature relevant to the study of floristic 
patterns across transitional areas between plant communities. The material of 
direct relevance is surprisingly small for such a potentially important aspect of 
ecology and ecological theory. This in itself provides a major justif ication for 
the research presented in this thesis. 
A key point to emerge from this review is that the term 'ecotone' is poorly 
defined and its use is often unclear. For this reason 'transitional area' is to be 
preferred, wi th both ecotone (sharp) and ecocline (gradual) boundary types 
existing, and wi th a spectrum of variation between these two extremes. 
Floristic variability across transitional areas is also often complicated by the 
presence of sub-community mosaics and these need to be taken into account 
in all descriptions and analyses of transitions or boundaries between plant 
communities. 
Despite the limited quantity of directly relevant literature on transitional areas, 
the subject has been shown to be related to a range of other ecological 
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concepts and issues including the plant community and environmental gradient 
concepts; successional processes and biotic factors; the effects and 
significance of boundaries for vegetation management; spatial, temporal and 
organisational scales in ecology; landscape ecology; patches and patch 
dynamics; and fractals. 
The study areas selected for this research are presented in the fol lowing 
chapter. 
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CHAPTER 3 
UPLAND VEGETATION COMMUNITIES IN BRITAIN 
AND THE STUDY AREAS SELECTED FOR THIS RESEARCH 
3.1 Introduction to upland ecosystems 
Upland vegetation is an important and dynamic semi-natural habitat in the 
British Isles. Whilst no strict definition of 'upland' exists, it may be generally 
defined as the area of land above the limit of cultivation (Ratcliffe, 1988). Ball 
era/. (1981) had identified 3 zones which constituted the uplands. These were 
based on altitude where 122 - 244m was referred to as the 'upland margin' , 
245 - 427m 'upland' and 428 - 610m 'hill land'. Thompson et aL. (1995c) 
further sub-divided the uplands into montane and sub-montane zones. The 
montane zone represented land above the potential tree line, generally lying 
over 600m above sea level; the sub-montane zone being the land which could 
support, and in the past would have supported, forest. 
For the purposes of this research the 200m contour line has been taken to 
indicate the uplands of the British Isles (Figure 3.1). Often upland character is 
inferred by species composition rather than through the analysis of 
environmental factors (Bunce, 1987). This results in areas at lower altitudes 
being regarded as upland in nature, for example in parts of the Western Isles 
of Scotland. 
Heathlands and the associated plant communities have been present in the 
landscape in a variety of forms for the last 200 million years, albeit not 
continuously (Stevenson & Birks, 1995). This semi-natural vegetation is a 
complex arrangement of species governed by factors such as geology, altitude, 
aspect, relief, climate, topography and human impact (Gimingham, 1972; Ball 
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e r a / . , 1981 ; Allaby, 1983; Sinclair, 1983; Webb, 1986; Thompson e r a / . , 
1987; Ratcliffe, 1988). Human modification of the vegetation throughout 
prehistoric, historic and contemporary times has created a plagioclimax and as 
a result the vegetation is largely unstable (Miles, 1988). Upland habitats are 
under increasing pressure from mankind. They are becoming more and more 
isolated and are thus an important object of research. 
The changes to the upland landscapes are due to both direct and indirect 
consequences (Miles, 1985), The plant communities observed today are the 
result of both past and present processes, particularly human activity. 
Gimingham (1988) suggested three main types of change which were 
responsible for creating the upland vegetation communities:-
i. Long term processes - including climatic variability; altitudinal effects 
on species and communities; geomorphological processes and 
biological processes. 
ii. Historical anthropogenic changes - deforestation (most significant); 
types of livestock; stocking densities. 
iii. New/recent impacts - afforestation; stocking levels; land use; new 
grazing animals (eg goats); recreation and atmospheric pollution. 
The ecological importance of the uplands has been widely recognised (Pearsall, 
1968; ITE, 1 978; Ball er a/., 1 9 8 1 ; MacEwen & Sinclair, 1983; Sinclair, 1 983; 
Bell & Bunce, 1987; Ratcliffe, 1988; Thompson er a/., 1988; Usher & 
Thompson, 1988; Mowfor th & Sydes, 1989; NCC, 1989; Usher & Thompson, 
1993; Gimingham, 1 995; Thompson & Miles, 1995; Thompson era/ . , 1995a). 
This is emphasised through the designation of protective status to many of 
these areas including National Parks, Sites of Special Scientific Interest, Areas 
of Outstanding Natural Beauty and National Nature Reserves. They are 
important both nationally and internationally:-
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"Heather moorland with mosaics of semi-natural 
grassland, dwarf shrub heaths and bogs forms a 
distinctive habitat and supports an ecosystem of 
international importance." 
(Bardgett e ra / , , 1995a, p43) 
This international importance is reiterated by Thompson etal. (1995c) who list 
four reasons for this:-
i. oceanic climate 
ii. mix of plant species 
iii. grazing history of sheep and red deer 
iv. unique areas within small regions which are the result of interactions 
between geology, soils and topography. 
It is perhaps somewhat paradoxical that human activity, through management, 
is now essential to retain the biological variability within these areas. 
3.2 Soils of the British uplands 
The vegetational composition of an area is strongly governed by the soil type, 
to a lesser extent the vegetation can also affect the soil characteristics. One 
of the long term processes referred to by Gimingham (1988) was the 
interaction between the climate, the soil and the vegetation. Where the soils 
are acidic and oligotrophic, heath, moor and wet acidic grasslands will 
dominate. Where the nutrient status Is higher then better quality grasslands 
will establish. 
Soils are formed by a number of processes controlled by a range of factors. 
The different soil types reflect the particular interaction of processes and 
factors at a given site. Although early work on pedology began in the 19th 
century, Jenny (1941) expressed soil forming factors as:-
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s = flc p, b, r, t l 
where soil is a function of climate (c); 
parent material (p); biotic factors including 
humans (b); relief (r) and time (t). 
The dominant soil forming factors in lowland landscapes are biotic factors, 
through human alteration. Although human activity has had an impact on the 
uplands since the Bronze Age, the effects on the soils are less obvious (Curtis 
era / . , 1976). 
The uplands are characterised by relatively poor soils, low in nutrients wi th a 
pH range between 3.4 - 6.5 (Gimingham, 1972; Miles, 1987). Upland soils 
typically have a mull or mor humus, or they may be transitional between the 
two. With a mull humus the pH level will be between 4.5 to 5 and support 
relatively species rich communities. Where the mor humus dominates, the pH 
will be < 4 . 5 and the communities found there will be relatively species poor 
(Miles, 1987). 
The climatic conditions of the past contributed to the acidic conditions and the 
development of blanket peat (Ingrouille, 1995). However, human activity has 
played a major part in the development of different soil types in upland areas. 
For example forest clearance can lead to acidification of the soil, burning may 
contribute to waterlogging or erosion and turve collection could aid the 
podsolization process (Dimbleby, 1984). Simmons era/. (1983) stated that on 
Dartmoor the soils became waterlogged as a direct result of continued 
deforestation. An upland soil sequence was proposed by Simmons (1 990) who 
suggested that ranker skeletal soils existed under tundra conditions which then 
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developed into acidic brown earths (common under the deciduous forests of 
western and central Europe) and finally evolved into podsols and gley soils. 
The wide range of podzolic soils in the British uplands have increased the 
international significance of these areas. Upland soils, particularly the peats, 
can hold a record of the past and are therefore valuable to Quaternary ecology 
providing information on past vegetation, past climates and land-use (Ratcliffe 
& Thompson, 1988). 
3.3 Management of upland habitats 
The uplands have a long history of use and thus management. Human activity, 
in evidence for many thousands of years, has been responsible for creating the 
unique mix of upland habitats which exist today. If the aim of management is 
to arrest succession then early forest clearance represents the first form of 
management in the uplands. Subsequent to forest clearance the most widely 
practised techniques were, and continue to be, grazing and burning. If these 
activities were curtailed then the vegetational sequences would continue 
towards, and ultimately attain, the climax vegetation of oak woodland within 
the sub-montane zone. 
The mid Holocene (5,500 - 3,500 BC) was the most significant period in the 
establishment of the ecosystems observed today (Simmons, 1990). Pollen 
analysis showes an oak - hazel forest from 5,500 BC and from this time 
gradual clearance opened up these areas creating a mosaic of community types 
(Dimbleby, 1984; Simmons 1990). After the initial forest clearance it would 
appear that fire was an important tool in maintaining the open areas 
(Gimingham, 1985). The pattern of use post-clearance demonstrates an 
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increase in intensity (of use) interspersed with periods of abandonment up to 
the present day, which is dominated by grazing activities (Dimbleby, 1984). 
The uplands require management to maintain the character of the existing 
upland habitats and their vegetational communities. Table 3.1 summarizes the 
past and more recent impacts on the uplands which have both created and also 
placed pressure on their ability to survive. 
PAST IMPACTS RECENT IMPACTS 
Forest clearance 
Grazing 
Land improvement 
Turbary 
Afforestation 
Amenity (recreation and tourism) 
Building 
Grazing 
Grouse shooting 
Land reclamation 
Military activities 
Peat extraction 
TABLE 3.1 Past and present impacts on the uolands 
(Source: after Statham, 1974; Allaby, 1983; Sinclair, 1983; 
Ratcliffe, 1984; Miles 1985) 
There has been considerable research into the changes in vegetation 
composition in moorland vegetation. For examples of the impacts of grazing 
see Hughes ef al. 1973, Anderson & Yalden 1 9 8 1 , Hobbs & Gimingham 1987, 
and Thompson & Kirby 1990. For examples on burning impacts see Imeson 
1971 , Mallik & Gimingham 1983, Hobbs & Gimingham 1987, Clement & 
Touffet 1990, Maltby et al. 1990, Legg et al. 1992. For other examples of 
changes see Berdowski & Zeilinga 1987 for heather beetle impacts; Harrison 
1980 for trampling impacts; Hester er al. 1991a, 1991b for successional 
changes; Heil & Diemont 1983 for changes resulting from raised nutrient levels; 
Marrs 1987a, 1987b and Pakeman et al. 1995 for bracken infestations and 
Stewart & Lance 1991 for the impact of moor draining. 
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Although created by human activity the rate and nature of change as a result 
of present human action has led to a loss in area of this unique semi-natural 
vegetation. 
"While the uplands remain our largest expanse of wi ld 
country, they are dwindling away all the time and during 
the last half century have lost well over 1 million hectares 
to more intensive forms of land use, wi th another area of 
similar extent showing some degree of modif ication" 
(Ratcliffe, 1988, p7) 
Thus a delicate balance exists between management to maintain the uplands 
and management which could create pressure on these areas causing their 
ultimate demise. 
3.3.1 Role of management techniques in maintaining the character of the 
uplands 
The uplands are represented by relatively species poor communities and they 
are also nutrient poor. The poor nutrient status is vital and if altered the 
species composition could be affected. For example, a change in species 
composition from a Calluna vulgaris dominated community to grassland such 
as Molinia caerulea or Deschampsia flexuosa could result if the nutrient status 
increased (Gimingham, 1995). 
Using pH as a surrogate for nutrient status. Miles (1988) data demonstrates 
this effect by illustrating the pH ranges associated wi th a variety of upland 
vegetation species, as shown in Table 3.2. 
Here the nutrient status for Calluna vulgaris, a typical heath species, was 4.2 
(with a range between 4.2 and 4.6). Where the nutrient status appeared to 
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have been improved, grassland species dominated (Agrostis-Festuca 
grassland - pH 5.1). 
Dominant Vegetation Type Mean pH Range of means 
Calluna vulgaris 4.2 4.2 - 4.6 
Nardus grassland 4.2 -
Ulex spp 4.4 4.2 - 4.6 
Pteridium aquilinum 4.8 4.4 - 5.3 
Agrostis-Festuca grassland 5.1 4.7 - 5.5 
TABLE 3.2 Mean soil oH values at 0 - 5 cm depth from selected upland 
veoetation samples in Scotland. 
(Source: after Miles, 1988, p66) 
A low base is necessary for the typical upland heath communities to thrive. 
Grazing and burning represent the main management practices to maintain 
upland habitats and these techniques help retain the low nutrient status. 
a. Grazing 
Grazing has been an important management tool since 400AD (Simmons, 
1990). Grazing is mainly by sheep and the impact depends on the initial 
balance between heather and grass. The sheep preferentially graze the 
grasses, wi th heather providing important winter forage. The grazing intensity 
can alter the species composition and whilst this could enhance the biological 
diversity of the upland communities it could have detrimental impacts on the 
vegetation. Therefore whilst intrinsic to the maintenance of the system, 
inappropriate grazing levels will cause the balance to be disrupted and possibly 
result in an undesirable change in species composition. 
b. Burning 
Palaeoecological records indicate that burning was especially important in 
maintaining the openings within the woodlands, preventing succession. In 
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Scotland there is evidence that burning has been widely practised since the 
17th century (Rhodes, 1995) and in the North York Moors this practice was 
intensified during the 19th century (Simmons, 1990). 
Periodic rotational burning is essential to maintain the mosaic of moorland 
habitats, both for grazing animals and for the complement of species that the 
habitats support. Even where a monoculture of heather exists, it is necessary 
to practice burning to ensure that different aged stands are maintained to 
support an associated range of species. 
Burning seasons exist and vary according to altitude. In Scotland below 450m 
the season is between 1st October to 30th April and on land above 450m 
between 1st October and 1 5th May. In England and Wales the burning season 
is later between 1st November and 31st March generally, although some areas 
can be burnt between 1st October and 30th April (Thompson et al., 1995b). 
However, the weather conditions must be suitable within these periods. 
Phillips et al., (1 993) suggests that in the west there are on average between 
5 and 15 days on which burns can take place and in the east, between 10 to 
25 days. The nature of the ground must also be taken into consideration as 
burning on exposed or steep slopes could result in soil erosion (Thompson et 
al.. 1995b). 
Miles (1 985) suggested that burning should be carried out on a rotational basis 
and that a cycle of between 10 to 20 years maintained the system. If burning 
occurred more often than this other species such as bracken could successfully 
invade. Where bracken is already present burning could actually encourage a 
domination of bracken on rejuvenation. Burning less frequently may allow 
small trees to establish. 
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Poor burning may result in a change from a dominance in ericaceous species 
to a dominance in grass species, for example a Calluna/Molinia bog may alter 
to a Molinia grassland (Miles, 1985). Similarly, overgrazing in an Eriophorum 
vaginatum and Calluna wet moor may result in a change to an Eriophorum 
vaginatum bog (Sydes, 1988) or from a Calluna dominated dwarf shrub heath 
to Agrostis-Festuca grassland in two to three years time (Miles, 1988). 
Burning and grazing together can cause a change in the vegetation composition 
as outlined in Figure 3.2:-
HEATHER 
HEATHER WITH BILBERRY 
BILBERRY 
I 
BILBERRY WITH GRASSES 
GRASSES 
I 
GRASSES WITH BRACKEN 
I 
BRACKEN DOMINANCE 
FIGURE 3.2 Change in veoetation composition resulting from burnina 
and grazing practices (the arrows indicate an increase In both 
burning and grazing and infer change through time) 
(Source: after John era/ , 1 983 & Thompson era/ . , 1995b) 
c. Cutting 
Cutting is not weather dependent but it is largely governed by accessibility. 
Cutting can be an effective management technique, particularly when the cut 
material is removed to allow regeneration. 
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d. Bracken control 
Bracken is an indigenous species and a highly competitive invader wi th low 
nature conservation value. The rate of spread can be accelerated through 
increased/excessive grazing or burning, at the expense of more preferred 
species. Therefore contemporary management of uplands often requires some 
form of bracken control. Cutting can reduce the levels of bracken if undertaken 
on a regular basis. However, the only effective technique in eliminating the 
bracken is through chemical control, although this too must be carried out on 
a regular basis (Lowday, 1984; Pakeman & Marrs, 1993; Pakeman er a/., 
1995). If management ceases then the bracken will re-establish and could 
dominate. 
3.3.2 Summary of past and present influences on upland vegetation 
The characteristic mosaic of upland communities has been created through 
human activity dating back to the mid Holocene. Many of these important 
semi-natural communities have decreased in area since 1 700AD. However, of 
greater concern has been the loss since the 1940s and 1 950s. The pressures 
associated wi th this loss have been attributed to afforestation, urbanisation and 
an increase in recreation. 
The future existence of upland habitats is reliant on management. Traditionally 
this has been through burning and grazing. However both practices can 
adversely affect the vegetation composition if administered inappropriately. 
All of the changes identified reinforce the need for appropriate strategies to 
ensure that both the character and area of upland habitats are maintained. 
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3.4 Study areas 
When selecting the study areas the aim was to identify upland zones that 
represented variations, in both geographical location and management. The 
areas chosen were Dartmoor National Park, Snowdonia National Park, North 
York Moors National Park and the Isle of Barra in the Western Isles of Scotland 
(Figure 3.3). 
Dartmoor is the most southerly of the areas selected and contains a mosaic of 
upland vegetation communities wi th Calluna vulgaris dominated areas of the 
moor which are under strict management regimes. Management, 
predominantly grazing, plays an important role in maintaining the diversity of 
the upland communities here. 
Snowdonia, in North Wales, has a westerly position in the British Isles. 
Historically the vegetation in the Snowdonia National Park has been managed 
for grazing. Particularly high levels have resulted in a replacement of heath 
species by the coarser grass species, Nardus striata and Molinia caerulea. 
Therefore Snowdonia National Park is dominated by grassy heath communities 
wi th a lower diversity of species and habitats. 
The North York Moors is the only area studied which occupies an easterly 
situation and reflects a heavily managed environment. A mosaic of C. vulgaris 
in its various growth stages has been created, managed primarily for grouse 
shooting wi th secondary grazing. Many slopes and grassland areas are 
suffering from extensive bracken encroachment. 
Barra is in the Outer Hebrides, part of the Western Isles of Scotland and 
represents the most northerly study area. Barra supports a pastoral economy 
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with low stocking levels. Within a small spatial area a wide range of plant 
communities and their associated habitats can be observed. The transition 
from coastal vegetation communities to moorland/upland vegetation 
communities occurs somewhat abruptly over tens of metres providing a unique 
opportunity to experience such changes over a small spatial area. 
Soil characteristics and geology vary across all the areas and Figures 3.4 and 
3.5 illustrate these differences. 
3.4.1 Dartmoor 
Dartmoor gained National Park status in 1951 under the National Parks and 
Access to the Countryside Act of 1949 and is the most southerly National Park 
in the British Isles. Dartmoor National Park (DNP) is approximately 954km^. 
5 1 % is moorland used for extensive grazing, 3 7 % of this is confirmed 
common, subject to the Dartmoor Commoners Act of 1985 (D.N.P.A., 1991). 
Dartmoor can be sub-divided into three main sections:-
i. The North Moor - which has the highest ground (up to 621m at High 
Willhays) 
ii. The South Moor - the more accessible areas 
iii. The East Moor - which displays the most pronounced relief 
"Dartmoor is the largest and most easterly of the exposed granite masses of 
the south west of England" (Simmons, 1964, p i 3 ) . It is dominated by 
Devonian rocks wi th associated granite masses and Culm measures 
(sedimentary rocks) (Dearman, 1964; John ef a/., 1983). Lower Carboniferous 
rocks are also present (Dearman, 1964). Dartmoor was not subjected to 
glaciation and as a result is characterised by rolling hills and deep valleys. Its 
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FIGURE 3.4 Schematic soil map of the British Isles 
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FIGURE 3.5 Schematic map showing pre-glacial source rocks in the British 
Isles 
(Source: Avery, 1990, plO) 
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summit tors are the result of continued weathering. The climate is wet with 
a prevailing south westerly wind and an average rainfall of 1440mm per annum 
(Weir, 1987). 
The soils are acidic and fall into four main soil groups, identified by Clayden 
and Manley (1964):-
i. Blanket bogs wi th peaty gley soils which are found on the gently 
sloping plateau summits 
ii. Valley bogs wi th peaty groundwater soils in the valley bottoms 
iii. Podzols wi th a peaty surface layer (and possibly a thin iron pan) on 
the slopes, 
and 
iv. Acidic variants of the brown earth soils which are found mainly in the 
cultivated areas to the north east of the moor. 
These are referred to by Curtis et al, (1976) as peaty gley soils (grouping i and 
ii together), peaty gleyed podzols and acid brown earths. The blanket peats are 
often vegetated wi th Molinia caerulea, Carex spp. and Eriophorum spp,, the 
peaty gleys wi th grass and heather and acid brown earths with bracken and 
birch (Weir, 1987). 
Dartmoor has been occupied since prehistoric times and much archaeological 
evidence exists across the moor. Clearance of the formerly forested area was 
started by the Neolithic farmers (Simmons, 1 964; John et al., 1 983). At this 
time clearance was sporadic and pollen analysis indicates that some 
regeneration occurred. The land above the forest was used for summer 
grazing. From then on more clearance took place and by the Iron Age the land 
was used as pasture (Simmons, 1964). Various minerals including t in, copper, 
arsenic, lead, zinc, silver, iron and tungsten have been mined both within the 
80 
granite and on its fringes (Dearman, 1964; Weir, 1987). Quarrying activities 
were also important and are clearly evidenced in the landscape. 
Vegetation descriptions for Dartmoor have been recorded by Vancouver 1808, 
Worth 1953, Harvey & St Leger Gordon 1953, Simmons 1 964, Proctor 1969 
and Brunsden & Gerrard 1971 . The most comprehensive documentation was 
made by Ward era/ . (1972). From the association analysis performed on their 
data, 13 groups were identified which formed 9 categories. These are outlined 
in Table 3.3. 
TYPE CONSTANT SPECIES 
BLANKET BOG Calluna vulgaris. Erica tetralix, Eriophorum 
angustifolium, MoVmia caerulea, Trichophorum 
cespitosum. Sphagnum spp. 
CALLUNA/MOLINIA MOORLAND C. vulgaris, /W. caerulea, T. cespitosum 
GRASSLAND Agrostis capillaris, Festuca ovina, Galium saxatile, 
Luzula campestris, Potentilla erecta, Danthoriia 
decumbens and mosses 
GRASSLANDS INVADED BY 
PTERIDIUM 
A. capillaris, G. saxatile, L campestris, P. erecta, 
Vaccinium myrtillus, moss 
VACCINIUM MOORLAND C. vulgaris, P. erecta, V. myrtillus 
VALLEY BOG C. vulgaris, E. tetralix, E. angustifolium, M. caerulea. 
Sphagnum spp 
HEATH A. curtisii, C. vulgaris and associated dwarf shrubs 
GRASSLANDS WITH GORSE Ulex gallii and some U. europaeus 
GRASS-HEATH C. vulgaris, P. erecta, mosses, A. capillaris, Carex 
spp, F. rubra, G. saxatile, D. decumbens 
TABLE 3.3 Vegetation categories identified bv Ward e ra / . (1972) 
Kent & Wathern (1 980) carried out a detailed vegetation description within the 
Narrator Catchment on south west Dartmoor. They identified 11 discrete 
groups of which 5 correspond directly to Ward er a/.'s categories. 
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The Nature Conservancy Council (N.C.C.) (1989b) identified 4 main categories 
of vegetation types wi th subdivisions, these are illustrated in Table 3.4. 
MAIN VEGETATION 
TYPE 
SUB DIVISION ASSOCIATED SPECIES 
BOG Valley 
Blanket 
Bog mosses, Molinia caerulea, rushes, 
sedges and herbs 
Bog mosses, Ehophorum spp, M. caerulea, 
Trichophorum cespitosum, with some 
Calluna vulgaris and Erica tetralix 
HEATH Calluna/Molinia 
Dry heath:-
- heather dominated 
- mixed 
Whortleberry 
Gorse 
Dominated by C. vulgaris except on 
wetter areas when M. caerulea dominates 
C. vulgaris 
C. vulgaris and Ulex spp 
with bents, fescues and Deschampsia 
flexuosa 
GRASSLAND Molinia 
Sweet grassland 
Sour grassland 
Small quantities of C. vulgaris and U. spp 
Bents and fescues 
Agrostis curtisii and Nardus stricta 
BRACKEN - -
TABLE 3.4 The Nature Conservancy Council categories with sub divisions 
(Source: after N.C.C., 1989) 
Under the 1981 Wildlife and Countryside Act, Section 43 of the Moor and 
Heath definitions described Dartmoor as being characterised by ". . . 
unimproved grassland wi th or without rushes, heather, bracken, whortleberry 
and gorse. Open scrub is also included but not where it is sufficiently dense 
to be called woodland" (Roberts, 1984). The vegetation results from a familiar 
trend in the uplands wi th a conversion from heathland to grassland through 
grazing and swaling (John et al., 1 983). Generally Ulex gallii-Agrostis curtisii 
occupies the wetter lower slopes wi th Calluna-Ulex where drainage is better. 
The wet heaths are dominated by Scirpus-Erica and Scirpus-Eriophorum. 
Calluna-Vaccinium tends to occupy the higher ground (Thompson & Miles, 
1995). 
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3.4.2 Snowdonia 
The 2141 km^ area of the Snowdonia National Park (designated in 1951) is on 
the western side of the British Isles. The area represents the "delicate 
relationship between lithology and vegetation, obscured by man" (John et a/., 
1983, p61). Its landscape has been dominated by past glacial activity and 
comprises a complex range of steep mountains and deep valleys (Lockley, 
1970; Sinclair, 1983). 
Snowdonia's geological history spans 600 million years. Williams (1927) 
described the geology as being volcanic in origin wi th dolerite intrusions (in 
Ball, 1978). However, whilst dominated by Cambrian slates and Ordovician 
rhyolites, there are also grits and shales (Lockley, 1970; John et al., 1983). 
The geological structure is complex and this has resulted in high 
geomorphological diversity, producing a mosaic of soil and vegetation types 
(Dale & Hughes, 1978). The climate is maritime wi th an annual rainfall 
between 1600- 2200mm. The area around Snowdon is the wettest wi th high 
recorded averages of 3820mm (for 1945 to 1965) and 2932mm (for 1966 to 
1977) (Perkins, 1978). 
The soils are predominantly acid brown earths wi th podzols, peats and gleys 
in the wetter areas (Curtis et al., 1976; Ball, 1 978). The surface chemistry of 
the soil is very much determined by the vegetation and the amount of grazing. 
The deeper layers more closely reflect parent material (Ball, 1978). 
Human occupation of Snowdonia began approximately 2 ,000 years ago but it 
was not until the Iron Age that woodland clearance began. Prior to this the 
climax vegetation was probably oak woodland up to an altitude of 600m, wi th 
shrubby heath at higher altitudes. Pollen analysis reveals that the woodland 
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was at its peak around 5,000 years ago. Part of the decline was due to 
climatic deterioration, although clearance undeniably resulted in the overall 
demise. 
Snowdonia has a long history of sheep farming wi th the most intensive period 
being between 1780 and 1 820. By the beginning of the 1900s the sheep were 
only grazing during the summer months. This change in farming practice has 
resulted in an increase in the less palatable grass species including Nardus 
stricta, Molinia caerulea and Juncus squarrosus (Perkins, 1978). Sheep 
farming continues to dominate this landscape but tourism and recreation are 
becoming increasingly important influences. In addition to the farming 
activities there is much evidence of mining and quarrying. Many slate and 
stone quarries can be observed in the landscape and mineral extraction of lead, 
copper and zinc were important in the past (Whit tow, 1985). 
Wales generally has experienced a progressive deterioration of the ericaceous 
heathland communities as a result of heavy grazing and burning practices 
(Ratcliffe, 1984). In Snowdonia grazing has eradicated much of the heather 
allowing the grasses to dominate (John et a/., 1983). Therefore the vegetation 
is characterised by grassy heaths (with acidic grassland species) and shrubby 
heaths (with dwarf shrub species) (Roberts, 1984). The dominant community 
is a Calluna-Vaccinium heath which may be replaced by a Vaccinium-
Deschampsia sward (Thompson & Miles, 1995). 
3.4.3 North York Moors 
The North York Moors are found to the east of the British Isles and its National 
Park was designated in 1952. They are 1436km^ of which 3 4 % is unenclosed 
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upland consisting of wet and dry acidic upland vegetation (Brown, 1984; 
Roberts, 1984). The North York Moors are characterised by a high upland 
plateau wi th deep valleys, gently undulating lowlands and rocky coasts 
(N.Y.M.N.P.A., 1977). 
The topography is varied wi th steep valleys and the land rises to over 424m in 
the central upland areas of the Moor. Geologically the North York Moors 
comprises limestones, grits and sandstones (Liassic and Jurassic rocks) 
(Carstairs, 1987). 
The climate is diverse but is moderately cold and dry wi th an annual rainfall 
ranging between 762mm on the lower ground to 1015mm on the higher 
ground. 
The soils vary according to the underlying parent material. They are dominated 
by organic soils wi th peaty gleys, peaty gleyed podzols and acid brown earths 
(Curtis et al., 1976). Rich brown earths are found on the limestones wi th 
peaty soils on the grits and sandstones. 
Historically the area was forested (N.Y.M.N.P.A., 1989) and pollen analysis 
revealed an oak-hazel forest from 5,500 BC wi th signs of pine and birch 
(Simmons, 1990). Settlement began approximately 11,000 years ago when 
the occupants led a hunter/gatherer existence. A cyclical woodland clearance 
fol lowed wi th the cultivation of the top plateau occurring in the Bronze Age 
(Ball era/ . , 1 9 8 1 ; Carstairs, 1987). Pollen analysis suggested that the process 
of change from woodland to grassland were reversible, linking this to cyclical 
clearance and then possible abandonment. This was evidenced through 
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charcoal and forest recession occurring below tree remains in peat profiles 
(demonstrated by Jacobi et al., 1 976 and Simmons & Innes, 1 9 8 1 ; 1 988). 
The dominant heath vegetation is Calluna-Deschampsia which occurs on the 
drier, well drained sites. Where drainage is impeded the Erica-Sphagnum heath 
may dominate (Thompson & Miles, 1995). A striking feature of the North York 
Moors is the high proportion of heather to other species, at approximately 
0.98. In most areas of the British Isles the proportion is between 0.3 and 0.5 
(Brotherton, 1984). Contemporary vegetation composition is the direct result 
of human activity. The monoculture heather moorland is managed through 
rotational burning. Areas of bracken encroachment exist as a result of either 
over-burning or over-grazing or a combination of the two . 
3.4.4 Barra, Western Isles of Scotland 
Barra and its associated islands cover an area of approximately 91 km^. Barra 
forms the most southerly main island of the Long Island chain of the Outer 
Hebrides. The whole group of islands stretch some 213km (Boyd, 1979). 
Barra's geology is dominated by Precambrian metamorphic rocks of Lewisian 
gneiss which formed approximately 3,000 million years ago (Boyd, 1979; Boyd 
& Boyd, 1990; Gribble, 1991). Although the geology appears to be simple the 
structure is exceptionally complex wi th many different styles and periods of 
folding (Dearnely, 1962). 
The cool maritime climate presents a cold and wet environment wi th an 
average annual rainfall of 1,200mm (Darling & Boyd, 1964) however there are 
many local variations (Manley, 1979). Wind is particularly important in creating 
the machair soils which are rich in aeolian derived shell sands. The wind speed 
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causes the vegetation to be stunted as a result of increased evapotranspiration 
and the reduction of temperature (Green, 1964). 
The soils are dominated by peat but also include gleys, podzols and brown 
earths (Glentworth, 1979). The soils are often thin as a result of the resistance 
to weathering of the hard gneiss and granites (Smith & Fettes, 1979). The 
soils of the Outer Hebrides are summarised in Table 3.5. 
SOIL TYPE COMIVIENTS 
PEAT Strongly acidic (dominant type) 
PEATY GLEY SOILS On fringes of crofts 
PEATY PODZOLWITH IRON PAN On gently and moderately sloping 
sites 
NON CALCAREOUS GLEYS On cultivated sites 
PODZOLS AND PEATY BROWN SOILS Modified through agriculture 
BROWN EARTHS 
CALCAREOUS BROWN EARTHS Machair soils - blown shell sand 
CALCAREOUS GLEYS AND PEATY 
CALCAREOUS GLEYS 
Associated with poor drainage 
SALTINGS Estuaries 
ANTHROPOGENIC SOILS Lazy beds (feannagan) 
TABLE 3.5 Soils in the Outer Hebrides 
(Source: after Glentworth, 1979) 
The islands have long been inhabited (Goodier & Boyd, 1979; McGregor & 
Cooper, 1987). The Mesolithic settlers were hunter-fisherman whilst the 
Neolithic occupants changed the islands through agricultural practices (Goodier 
& Boyd, 1979). The most significant impact on the islands after clearance was 
through the cultivation of the more fertile machair soils on the coastal plains 
(Darling & Boyd, 1964; Goodier & Boyd, 1979). 
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The main factors determining the current vegetation are climate and geology 
(MacLeod, 1948; Clark, 1956; Currie, 1979) wi th human impact having a less 
pronounced effect than on mainland Britain. 
The vegetation of the Outer Hebrides has been well documented. Of particular 
interest are the machair communities. The machair is the calcareous zone 
between the beaches and the acid moorland offering higher fertil ity and high 
ecological diversity (Forrest era/. , 1936; MacLeod, 1948; Roberts era/. , 1959; 
Burnett, 1964; Darling & Boyd, 1964; Ritchie, 1976, 1991 ; Currie, 1979; 
Angus, 1 9 9 1 ; Birks, 1 9 9 1 ; Pankhurst & Mullin, 1 9 9 1 ; Kent era/ . , 1994). The 
soil is high in calcium carbonate w i th a pH usually greater than 7.0. The 
vegetation is characterised by grassland. Near the coast the grassland is 
dominated by Ammophila arenaria until replacement by Festuca rubra grassland 
occurs associated with a rich diversity of herbs and f lowers (Ritchie, 1976). 
The peaty moorland is characterised by heath and grassy moorland 
communities. Peat cutt ing for fuel has resulted in much heterogeneity across 
the moorland (MacLeod, 1948). 
The higher land is dominated by ericaceous species wi th Sphagnum spp, on the 
lower ground Scirpus-Eriophorum bogs may form a continuum wi th the Scirpus-
Erica wet heath (Thompson & Miles, 1995). 
Gilbertson er a/., (1995) identified seven major community types at Ben 
Tangaval on south west Barra. Due to the importance of the machair on Barra, 
the sites selected for this study also includes examples of the machair 
communities. The aim was to comprehensively cover the transition from 
machair to moorland. 
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3.5 Chapter summary 
The importance of the British uplands has been demonstrated. The upland 
vegetation communities have been modified by human activity and clearly they 
rely on management to retain them. Management can be considered in duality. 
It can refer to the pressure which may actually cause the demise of the 
character of the uplands, but equally it can refer to the pressure required to 
maintain these valued habitats. 
The four areas selected for this research provide a good range of habitats both 
in terms of their past and present management, and also through the subtle 
differences in their plant associations. 
Having determined these the next stage was to develop an appropriate 
sampling strategy which would enable the floristic variability across transitional 
areas to be described. This is discussed in chapter 4. 
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PART TWO 
PILOT STUDIES TO ESTABLISH 
AN APPROPRIA TE SAMPLING METHODOLOGY 
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CHAPTER 4 
SAMPLING STRATEGY - PILOT STUDIES 
4.1 Introduction 
The overall aim of the research is to establish the spatial and floristic nature of 
the transitional area. To achieve this it was necessary to determine an 
appropriate sampling strategy that recorded the spatial variation in the 
vegetation at each site adequately and efficiently. The aim of this chapter is 
to define such a sampling strategy. 
4.1.1 Approach 
In order to determine a suitable approach a two phase pilot study was carried 
out. Simple methods for both sampling and describing the vegetation were 
used. 
For Phase I a line transect was established wi th systematic quadrat location. 
The data were analysed using standard descriptors of floristic change. Phase 
I showed that simple descriptions could be made of the floristic variability 
between two adjacent plant communities but that the linear sampling approach 
was restricted. The main limitation was the assumption that the transition 
between the two plant communities was unidirectional. Observation during 
Phase I indicated that the transitional areas have both width and length and 
thus sampling must reflect variations in both axes. 
Phase II addressed these issues by changing from a linear transect to a 
rectangular transect. This enabled the variation in the vegetation to be 
described two dimensionally, along both the 'x ' and 'y' axes. Additionally, 
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Phase II a imed to establ ish an e f fec t i ve and e f f i c ien t m e t h o d of sampl ing the 
f lor is t ic var ia t ion in the t ransi t ional area. A survey of con t iguous quadra ts in 
a rec tangular t ransec t w a s too comp lex to be carr ied o u t at each se lec ted si te 
across the four s tudy areas of up land Britain and w o u l d con ta in m u c h 
redundant da ta . Therefore the proposal w a s to place quadrats at po in ts of 
vege ta t ion change . However , to ensure tha t th is approach to sampl ing 
adequate ly recorded the var iab i l i ty , the rectangular t ransec t w a s ini t ial ly 
sampled in its en t i re ty . The data set w a s then reduced to s imula te the 
del iberately b iased me thodo logy p roposed . Phase II there fore sough t to def ine 
a sampl ing s t ra tegy tha t bo th recorded the s ign i f icant f lor is t ic pa t te rns in the 
t ransi t ional area and min imised redundant da ta . This procedure is descr ibed in 
sec t ion 4 . 3 . 
The t w o phases of the pi lot s tudy ep i tomise t w o ex t remes of data co l lec t ion . 
Phase I w a s too s impl is t ic and Phase II too comp lex . Howeve r , analysis of 
bo th enabled an appropr ia te sampl ing s t ra tegy to be dev ised . 
4.2 Pilot study - Phase I, Dartmoor 
4.2.1 Introduction 
The m e t h o d invo lved sampl ing sys temat ica l l y a long a linear t ransec t tha t 
ex tended f r o m one plant c o m m u n i t y t h rough an area of t rans i t ion to a second 
c o m m u n i t y . The linear t ransect is a c o m m o n l y used m e t h o d w h i c h observes 
change a long a single axis of var ia t ion (Kershaw & Looney , 1 9 8 5 ) . It also 
compares w i t h the m e t h o d adopted by van der Maarel ( 1 9 7 6 ) . Vam x Vjm 
quadrats w e r e p laced at regular intervals to co l lect species abundance da ta . 
These represent the s implest sampl ing f rame t o emphas ise var ia t ion in a s ingle 
d i rec t ion . 
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Var ious si tes on Dar tmoor were se lected to t yp i f y as w i d e a range of p lant 
commun i t i es as possible and also to cover a var ie ty of t rans i t iona l t ypes . 
Select ion w a s based on Ward e r a / . , ( 1 9 7 2 ) , the f ind ings of Kent & Wa the rn 
( 1 9 8 0 ) , by reference to remote ly sensed data (aerial and satel l i te images) and 
t h rough d i rec t observa t ion in the f ie ld . Where a dominance of one spec i f ic 
species w a s ident i f ied it w a s assumed to be long to a part icular c o m m u n i t y . For 
example , an area domina ted by Juncus species w a s classi f ied as 'va l ley b o g ' 
(Ward e r a / . , 1 9 7 2 group 6; Kent & W a t h e r n , 1 9 8 0 g roup 11) . This c rea ted 17 
t ransec ts , g iv ing a to ta l of 159 quadra ts . 
4.2.2 Sampling 
Commun i t i es A and B (Figure 4 .1 ) we re se lected sub jec t ive ly on the basis of 
their major dom inan ts , for example Calluna heath in to Molinia grass land w a s 
based on the dominance of Calluna vulgaris in one area and the dominance of 
Molinia caerulea in the other . The t rans i t iona l area and the t w o ad jacent p lant 
commun i t i es w e r e sampled along the major axis of var ia t ion (Figure 4 . 1 ) . The 
length of the t ransec t w a s also de te rmined sub jec t ive ly w i t h the end po in ts 
ex tend ing we l l in to each c o m m u n i t y to a pos i t ion whe re there w a s a 
recognisable un i fo rm i t y in the f lor is t ic compos i t i on . 
A sys temat i c approach w a s adopted to prov ide a cons is ten t coverage of the 
t ransec t . The in tervals b e t w e e n samples we re dependen t on the leng th of the 
t ransec t and the heterogene i ty of the vege ta t i on . For example a t ransec t of 
2 0 m migh t have a to ta l of 10 samples , p laced at 2 m intervals to ensure tha t 
all var iab i l i ty w a s samp led . The to ta l number of samples per t ransec t w a s 
de te rmined in tu i t ive ly by the degree of var iabi l i ty d isp layed in the vege ta t i on . 
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Communi ty A 
[ ] 
[ ] 
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Transit ional ' 
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F IGURE 4.1 Linear transect approach to sampling 
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It f o l l owed tha t the greater the f lor is t ic d ivers i ty , the closer the spac ing 
b e t w e e n quadrats (Smar t t , 1 9 7 8 ) . 
Quant i ta t i ve f lor is t ic data {species abundance) we re co l lec ted . Values for the 
percentage vege ta t i on cover (higher plants) we re es t imated sub jec t ive ly by eye 
to the nearest 5 % ; h o w e v e r 1 % , 2 % and 3 % w e r e also used to d is t ingu ish 
b e t w e e n a single appearance and more than one occur rence of a part icular 
spec ies. It w a s prev ious ly ind icated tha t the cause of vege ta t ion change cou ld 
be a t t r ibu ted to ei ther natura l or biot ic fac to rs (or be a comb ina t i on of the t w o ) . 
There fore env i ronmenta l data and si te charac ter is t ics w e r e recorded to help 
expla in and accoun t for the t rans i t ional t ypes obse rved . The env i ronmenta l 
data i temised for each quadra t inc luded soil mo is tu re , p H , soil dep th , and 
organic mat te r . Site character is t ics such as aspect , a l t i tude and changes in 
micro-re l ie f a long the t ransec t we re d o c u m e n t e d . Biot ic fac to rs , toge ther w i t h 
past and present landuse act iv i t ies we re observed and no ted . 
4.2.3 Description of vegetation change 
The abundance data w e r e summar i sed to descr ibe f lor is t ic change across the 
t rans i t ional area. This w a s ach ieved in the f o l l ow ing w a y s : -
i. the percentage cover of the dominan t species f r om the t w o plant 
c o m m u n i t i e s w e r e p lo t ted against their pos i t ion a long the t ransec t . 
Dominan t in th is con tex t referred to mos t abundan t . This re lated on ly 
to higher p lants , b ryophy tes we re exc luded . 
i i . a measure of f lor is t ic d iss imi lar i ty w a s ca lcu la ted for ne ighbour ing 
quadra ts and analysed in graphical f o r m . The ORDIFLEX program 
based on the Bray & Curt is (1 957) m e t h o d of o rd inat ion w a s used to 
ca lcu la te the Czekanowsk i ( 1913 ) coe f f i c i en t for s imi lar i ty , de f ined 
as:-
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Czekanowsk i ' s s imi lar i ty coe f f i c ien t (Sc): 
m 
Sc = 2 I m in (x j , Y\) 
i = i 
m m 
j = l i = l 
where: -
min (xj, y\) - represents the lesser of the s c o r e s of spec ies j 
in the two s tands , 
and 
X) and y\ - are the abundance values of the jth spec ies in 
the first and s e c o n d s t a n d s , respect ively, 
and 
each summat ion is over all the m s p e c i e s 
(Causton , 1988 ) 
A coe f f i c ien t value of 0 indicates comp le te d iss imi lar i ty and a value 
of 1 , comp le te s imi lar i ty . The ORDIFLEX program w a s used to 
h igh l ight the d i f fe rences w i t h i n the vege ta t i on , there fore the s imi lar i ty 
coe f f i c ien t w a s conver ted to a d iss imi lar i ty coe f f i c ien t . This w a s 
ach ieved by revers ing the va lues, so that 0 n o w ind icated comp le te 
s imi lar i ty and 1 comple te d iss imi lar i ty . 
iii. quadrats we re classi f ied using T W I N S P A N (Hi l l , 1979a ) , a m e t h o d of 
numer ica l c lass i f icat ion based on the s imi lar i ty of spec ies . The 
purpose of a c lass i f icat ion is to g roup d i f fe ren t t ypes of vege ta t ion 
toge ther to ident i fy the plant commun i t i es present . T W I N S P A N , or 
T w o W a y IIMdicator SPecies ANa lays is , is a po ly the t i c d iv is ive m e t h o d 
based on Reciprocal Averag ing (RA) ord ina t ion (Hil l , 1 9 7 3 , 1 9 7 4 ) . 
The abundance data are re -worked in to pseudospec ies . Quadrat 
samples are sub-d iv ided unt i l there are 4 or less in a g roup . This 
creates a t w o - w a y table w h i c h p laces quadra ts w h i c h are m o s t similar 
nex t to one another , and species w h i c h are mos t similar nex t to one 
another . The ou tpu t is in the f o r m of a series of O's and V s w h i c h 
indicate membersh ip to each g roup . Quadra t g roups appear at the 
b o t t o m of the ou tpu t table and species g roups are pr in ted on the r ight 
hand side of the table. Init ial ly t w o groups are c rea ted , these t w o 
groups are then re-analysed and fu r ther d iv is ions are made . This 
9 6 
creates a hierarchical a r rangement of O's and 1 's ( known as levels of 
sub-d iv is ion) . The number of levels created is who l l y dependen t on 
the data set . The me thod is ob jec t ive in the sense tha t the sor t ing is 
based on a mathemat ica l fo rmu la . The in terpre ta t ion h o w e v e r , is 
sub jec t i ve . 
iv. env i ronmenta l data we re p lo t ted a long the t ransect to help to expla in 
the f lor is t ic pat terns observed . 
Figure 4 . 2 ind icates the pat terns ant ic ipated in each of these summar ies for an 
eco tone and an ecoc l ine. 
4 . 2 . 4 Results 
Table 4 .1 summar ises the 17 sites sampled . The f inal co lumn conta ins general 
c o m m e n t s on the observed fac tors a f fec t ing the vege ta t i on . The intr insic 
fac tors related to compet i t i on and other vege ta t ion dynamics . Extr insic fac to rs 
Included graz ing, burn ing and env i ronmenta l g rad ients . Table 4 .2 out l ines the 
f ind ings for the 17 s i tes. To prov ide a representat ive sub-sample the resul ts 
for 5 of these are d iscussed In more detai l be low . 
/. Nr Down Tor (SX596687) 
The pho tog raph demons t ra tes the mosaic nature of the vege ta t ion (Plate 4 . 1 ) . 
Figure 4 . 3 summar ises the f ind ings . The f lor is t ic compos i t i on graph s h o w e d 
the change In dominance f r om Festuca grassland to Calluna hea th land. From 
the f lor is t ic data the t rans i t ion appeared to fall b e t w e e n quadrats 4 and 6. The 
diss imi lar i ty graph sugges ted tha t the t rans i t ion occur red be tween quadrats 5 
and 6. The T W I N S P A N results recognised quadrats 4 and 5 as being impor tan t 
and isolated t h e m as a d is t inc t g roup w i t h quadrats 1 , 2 , 3 and 6, 7, 8 f o rm ing 
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i. Theoretical Limits - Floristic composition 
high 
Species 
abundance 
low 
Species Species 
\ ^ B y 
Quadrat to Quadrat 
ECOTONE 
Species Species > < 
Quadrat to Quadrat 
ECOCLINE 
ii. Theoretical Limits - Dissimilarity 
high 
low 
Quadrat to Quadrat 
ECOTONE 
Quadrat to Quadrat 
ECOCLINE 
iii. Theoretical Limits - Twinspan 
Quadrat number 
spec ies 
\ 
Values 
\ 
Values 
Quadrat no (in sequence) 
Values 
ECOTONE ECOCLINE 
FIGURE 4 . 2 Patterns an i i c ioa ted for me thods appl ied 
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T r a n s e c t / G R Description C o m m e n t s 
1. S X 5 9 6 6 8 7 
Nr Down Tor 
Festuca/Molinia grassland 
into Calluna moorland 
40m transect; 5m between quadrats. Gradual 
transition (approx. 15m). Grazing evident 
{extrinsic factors). 
2. S X 6 9 9 7 9 8 
Hamel Down 
Calluna heath into 
Agrostis grassland 
invaded by bracken 
1 5m transect; 3m between quadrats. Sharp 
transition (approx. 3m). Competition (intrinsic 
factors). 
3. S X 6 6 6 8 0 7 
Statts Bridge 
Calluna/Molin/'a moorland 
into valley bog 
50m transect; 5m between quadrats. 2 sharp 
boundaries, each approx. 5m. Soil moisture 
(extrinsic factors). 
4. S X 6 7 8 6 5 6 
Nr Avon Dam 1 
Calluna/Molinia moorland 
into Agrostis grassland 
50m transect; 5m between quadrats. Gradual 
transition (approx. 30m). Grazing - causing 
change in species (extrinsic & intrinsic factors). 
5. S X 6 8 3 6 4 8 
Nr Avon Dam II 
Ulex/Agrostis grassland 
invaded by Pteridium 
aquilinum 
15m transect; 3m between quadrats. Sharp 
transition (approx. 6m). Bracken invasion 
(intrinsic factors). 
6. S X 5 1 3 6 4 9 
Roborough 
Down 
Calluna/Molinia moorland 
into Ulex invaded by 
bracken 
30m transect: 5m between quadrats. Sharp 
transition (approx. 5m). Bracken invasion 
(intrinsic factors). 
7. S X 5 6 3 6 6 3 
Ringmoor Down 
Festuca grassland into 
Molinia heath 
60m transect; 5m between quadrats. Gradual 
transition (approx. 30m). Grazing & soil moisture 
(extrinsic factors). 
8. S X 6 1 6 7 0 8 
Foxtor Mire 
Blanket bog into valley 
bog 
24m transect; 3m between quadrats. Gradual 
transition (approx. 1 5m). Soil moisture (extrinsic 
factors). 
9. S X 5 3 8 8 6 2 
Arms Tor 
Acidic grassland with 
bracken, into grass-heath 
14m transect; 2m between quadrats. Sharp 
transition (approx. 4m). Soil moisture (extrinsic 
factors). 
10. S X 5 3 7 8 6 6 
Below Arms Tor 
Pteridium into Agrostis 
curtisii heath 
30m transect; 5m between quadrats. Sharp 
transition (approx. 15m). Soil moisture & 
competition (extrinsic and intrinsic factors). 
11. S X 6 9 4 8 1 6 
Two Moors Way 
Heather (burn line) 10m transect: 1m between quadrats. Burn line 
marks boundary (extrinsic factors). 
12. S X 6 7 4 7 8 8 
Soussons Wood 
Molinia grassland into 
heath {wood edge) 
10m transect; 1m between quadrats. Gradual 
boundary (approx. 7m). Grazing & competition 
(extrinsic & intrinsic factors). 
13. SX669591 
Ugborough 
Beacon 
Bracken invaded 
grassland into Nardus 
grassland 
15m transect; 3m between quadrats. Sharp 
transition (approx. 5m). Grazing & competition 
(extrinsic & intrinsic factors). 
14. S X 6 2 5 5 8 6 
Hanger Down 
Agrostis grassland into 
Juncus bog 
60m transect; 5m between quadrats. Gradual 
transition (approx. 35m). Soil moisture (extrinsic 
factors). 
15. S X 6 5 8 8 9 9 
Nr Higher 
Shilstone 
Molinia heath into blanket 
bog 
70m transect; 5m between quadrats. Gradual 
transition (approx. 40m). Grazing & erosion 
(extrinsic factors). 
16. S X 5 7 3 7 1 5 
Nr Leedon Tor 
Molinia grassland into 
bracken invaded Agrostis 
grassland 
60m transect; 5m between quadrats. Gradual 
transition (approx. 25m). Soil moisture (extrinsic 
factors). 
17. S X 6 3 2 7 9 4 
Nr Postbridge 
Acidic grassland into 
valley bog 
42.5m transect; 2.5m between quadrats. Sharp 
transition (approx. 7.5m). Moisture & vegetation 
dynamics (extrinsic & intrinsic factors). 
TABLE 4 .1 Phase I sites 
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Site Floristic S u m m a r y Dissimilarity T W I N S P A N Environmental Controls Transitional Type 
1. Nr Down Tor Molinia/Festuca grassland into Calluna TA = Q5-6 TA = 04-5 No obvious pattern Ecotone 
2. Hamel Down Calluna heath into Pteridium invasion TA = Q3-5 
mosaicing 
TA = 04-5 No obvious pattern Ecotone/Ecocline 
3. Statts Bridge Grassy heath into valley bog (with Molinia) TA = Q3-4 & 07-8 TA = 07-8 Slope & moisture gradient Ecotone (mosaics) 
4. Avon Dam 1 Molinia moorland into Agrostis grassland TA = 02 -3 & Q8-9 TA = 06-8 Moisture gradient & soil 
depth 
Ecocline 
5. Avon Dam II Ulex into Pteridium invasion TA = 03-4 no clear pattern Moisture gradient Ecotone 
6. Roborough Down Calluna into Pteridium TA = Q3-4 no clear pattern 
TA = 02 -3? 
No obvious pattern Ecotone 
7. RIngmoor Down Festuca grassland into Molinia grassland TA = 08-9 TA = 08-9 No obvious pattern Ecotone (mosaics) 
8. Fox Tor Mire Molinia bog into Juncus valley bog TA = Q4-5 
TA = Q4-5 
No obvious pattern Ecotone/Ecocline 
(mosaics) 
9. Arms Tor Pteridium into Molinia grassland TA = 03-4 TA = 02-3 Moisture gradient Ecotone 
10. Below Arms Tor Pteridium into Agrostis curtisii grassland TA = Q3-4 TA = 02-3 Moisture gradient Ecotone 
11. Two Moors Way Calluna burn line mosaicing TA = 05-8 Moisture gradient Ecocline (mosaics) 
12. Soussons Wood Molinia grassland into grassy heath TA = 07-8 TA = 07-8 No obvious pattern Ecotone 
13. Nr Ugborough Beacon Pteridium into Nardus grassland TA = Q2-3 TA = 02-3 No obvious pattern Ecotone 
14. Hanger Down Agrostis grassland into Juncus bog TA = 03-8 Mixed pattern Moisture gradient Ecocline (mosaics) 
15. Nr Higher Shilstone Molinia/Ulex into Agrostis grassland TA = 05 -10 
mosaicing 
TA = 05-7 No obvious pattern Ecocline (mosaics) 
16. Nr Leedon Tor Molinia grassland into Pteridium invasion TA = 04-9 No clear pattern 
TA = 06 -9? 
No obvious pattern Ecocline 
17. Nr Postbrldge Nardus/MoHnia heath into Juncus dominated 
valley bog 
TA = 013-14 
mosaicing 
No clear pattern 
TA = 08 -10? 
No obvious pattern Ecotone/Ecocline 
(mosaics) 
TABLE 4 . 2 Results f rom Phase I of the Pilot Study {TA = transitional area; Q = quadrat) 
PLATE 4 .1 Nr D o w n Tor 
The mosaic nature of vegetation is displayed in this photograph 
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Floristic Composit ion 
COM "A* COM 'B ' 
-X-
Quadrat number 
FesaiCA ovina Molinia caenitca C" — " Calluna vulgaris 
E 20 
1-2 
Dissimilarity 
2-3 3-4 4-5 S-6 
Quadrat to quadrat 
6-7 7-8 
Environmental Data 
4 5 
Quadrat number 
II depth 
TWINSPAN DATA 
4 5 1 2 3 6 7 8 
3 D E S C FLEX - 3 0 0 0 0 
4 ERIC TETR 3 3 1 1 - - - - 0 0 0 0 
8 POTE EREC 3 0 0 0 0 
10 BARE ROCK - 2 0 0 0 0 
6 G A U S A X A - - 5 4 - - - 0 0 0 1 
7 MOU CAER 5 5 5 5 5 - 5 . 0 0 1 
5 FEST OVIN 5 5 5 5 5 4 - 4 0 1 
9 V A C C MYRT 4 4 4 4 5 5 4 4 0 1 
1 BRYO PHYT 4 2 - - - 5 5 5 1 
2 C A L L VULG - - - 2 3 5 5 5 1 
0 0 0 0 0 1 1 1 
0 0 1 1 1 
FIGURE 4 . 3 Nr D o w n Tor - summary of f ind ings 
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t w o other g roups . The f lor is t ic in fo rmat ion re f lec ted the change in dominan t 
species w h i c h compared we l l w i t h the diss imi lar i ty g raph and the T W I N S P A N 
resul ts . Quadra t 5 w a s mos t d i f fe rent to either c o m m u n i t y w i t h the t rans i t ional 
area ex tend ing be tween quadrats 4 and 6. This is c lear ly def inable as an 
eco tone . Slope angle is the main fac tor cons idered in the env i ronmenta l da ta . 
//. Hamel Doyvn (SX699798) 
Figure 4 . 4 summar ises the f ind ings . The observed boundary w a s very sharp 
(Plate 4 . 2 ) , w i t h bracken replacing the heather for quadrats 5 and 6. The 
diss imi lar i ty graph ind icated a change in compos i t i on b e t w e e n quadra ts 3 and 
4 and quadra ts 4 and 5, howeve r the T W I N S P A N resul ts imply a gradual 
change or an ecoc l ine. The pos i t ion of Calluna and Pteridium on the 
T W I N S P A N table suggests that a l though the t rans i t ion occur red relat ively 
rapidly (d isplay ing eco tona l tendencies) the over lap b e t w e e n species ind icate 
an ecoc l ine. There fore th is t rans i t ion cou ld not be clear ly ident i f ied as ei ther 
an eco tone or an ecoc l ine, but fell be tween the t w o . 
///. Fox Tor Mire (SX616708) 
The v isual impac t of this si te o f fe red great d ivers i ty . The t rans i t ion observed 
w a s f r om a grass land to a val ley bog domina ted by Juncus effusus (Plate 4 . 3 ) . 
Figure 4 . 5 summar ises the f ind ings . 
The graph for f lor is t ic compos i t i on of se lected species re f lec ted the d ivers i ty . 
Howeve r a change in dominance f r om grasses to Juncus w a s de tec ted f r om 
quadrats 4 to 6. The dissimi lar i ty graph s h o w e d the greatest d i f fe rence 
b e t w e e n quadra ts 5 and 6. The T W I N S P A N resul ts p roved more d i f f i cu l t to 
dec ipher . One in terpre ta t ion w a s that quadrat 1 w a s representat ive of the f i rs t 
1 0 3 
Floristic Composi t ion 
COM -A* 
100 
COM -B' 
Quadrat number 
-X- Calkina vulgaris Agrosiia curtisu - Pieridium aquilirum 
1 ^ 
1-2 
Dissimilarity 
2-3 3-4 
Quadrat to quadrat 
4-5 5-6 
Environmental Data 
20 X 
3 4 
Quadrat number 
I % am [| depth 
cm 
TWINSPAN DATA 
1 2 3 4 5 6 
4 C A L L V U L G 5 5 5 4 - - 0 0 
6 ERIC TETR - - 4 - - - 0 0 
9 NARD STRI - 3 - - - 0 0 
10 POTE E R E C - 4 - 2 - - 0 0 
13 LITT ER- - - - 4 - - 0 0 
5 C A R E SPP- 3 5 - - 3 - 0 1 0 
12 V A C C MYRT 5 5 4 5 4 4 0 1 0 
1 AGRO CAPl - 5 - 5 5 - 0 1 1 
2 AGRO CURT - 5 5 5 4 4 0 1 1 
3 BRYO PHYT - 5 - 4 - 5 0 1 1 
7 FEST OVIN - - - - 3 5 1 
8 G A U S A X A - 3 - - 4 5 1 
11 PTER AQUI - - - - 5 5 1 
0 0 0 0 1 1 
FIGURE 4 . 4 Hamel D o w n - summary of f ind ings 
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PLATE 4 . 2 Hamel D o w n 
The transition between the Calluna heath into the Pteridium invaded 
grassland can be seen near the top of Hamel Down. 
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PLATE 4 . 3 For Tor Mire 
The diversity of vegetation is often masked by colour, but can be 
identified by the growth forms of different species. Here the taller 
rushes contrast wi th adjacent grassy swards. 
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Floristic Composit ion 
COM "A COM 'B 
Quadrat number 
Spriagrwm C- J « n a » m> 
Dissimilarity 
> • 60 
ss
im
ila
ri 
va
lu
e 40 
20 
Q Q 
1 2 2-3 3-4 4-5 5-6 
Quadrat to quadrat 
6-7 7-8 
250 
200 
150 
100 
BO 
0 
Environmental Data 
•X X X 
4 5 
Quadrat number 
soil depth 
1cm) 
-X- pH 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 0 1 
0 0 0 1 
0 0 1 0 
0 0 1 0 
0 0 1 0 
0 0 1 1 
0 0 1 1 
0 0 1 1 
0 1 
0 1 
TWINSPAN DATA 1 4 2 3 5 6 7 8 
8 C A R E ECHI 4 4 
9 D E S C FLEX . 4 
19 NARD S T R l 4 5 
2 AGRO CAPI 4 4 - - 5 - - -
4 AGRO STOL 4 . 3 . . - - . 
5 BRYO PHYT 5 5 5 5 - - - -
7 C A R E NIGR . 4 4 . 4 . . -
11 ERIO ANGU - 5 - 5 5 - - -
14 F E S T OVIN 5 . 3 3 . . . . 
6 C A L L VULG - - 3 4 . . . . 
10 ERIC TETR . . . 3 . . . . 
15 GALI SAXA . . . 3 . - - . 
18 MOLI CAER 5 4 5 5 - 5 - -
22 POLY COMM 5 5 5 5 5 5 - -
3 AGRO CURT . - 4 4 5 4 5 -
12 ERIO VAGI 4 - 3 4 4 3 3 4 
20 POTE EREC 5 - - 3 - 3 - -
25 SPHA S P P - - 5 - 5 5 5 5 5 
16 JUNC EFFU 3 - 3 - 5 5 5 5 
1 AGRO CAN! 4 5 
13 EQUI PALU 3 3 
17 JUNC S P - - 5 5 5 
21 POLY VULG 4 - -
23 RANU ACRI 4 4 
24 RUME A C E T 5 5 4 
26 VIOL PALU 5 - -
0 0 0 0 0 1 1 1 
0 0 1 1 1 
FIGURE 4 . 5 Fox Tor Mi re - summary of f ind ings 
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grassland c o m m u n i t y , quadrats 2 to 5 represent one e lement of the t rans i t ion 
w i t h mosa ic ing , and quadrats 6 , 7 and 8 represent the va l ley bog c o m m u n i t y , 
w i t h a m u c h simpler c o m m u n i t y s t ruc tu re . The t rans i t ion thus con ta ined t w o 
d is t inc t e lements bo th an eco tone and an ecoc l ine. 
/V. Nr Ugborough Beacon (SX6695911 
This si te w a s character ised by Pteridium Invading grass land. The co lour of the 
vege ta t ion presented a s t rong v isual impress ion of the sharp demarca t ion 
be tween the bracken and the grassland (Plate 4 . 4 ) . Figure 4 . 6 summar ises the 
f ind ings . The f lor is t ic data indicate tha t the grass land w a s present t h r o u g h o u t 
the t ransec t bu t whe re the Pteridium d ied ou t the ranker Nardus striata 
domina ted , especial ly f r om quadrat 3. The d iss imi lar i ty graph h igh l ights the 
greatest change b e t w e e n quadrats 2 and 3. The T W I N S P A N resul ts also 
separated ou t quadra t 3 ind icat ing tha t quadrats 1 and 2 probab ly represent 
one c o m m u n i t y , quadrats 4 and 5 the adjacent c o m m u n i t y w i t h quadra t 3 
represent ing the t rans i t ional zone. This w a s in terpre ted as a clear example of 
an eco tone . 
V. Nr Postbr/dge (SX632794) 
The area represents a mosaic of up land commun i t i es . The comp lex i t y of the 
t rans i t ion w a s ind icated by the order ing of quadrats in the t ransec t . Howeve r 
the t rans i t ion w a s f rom the w e t t e r val ley bog area in to the acidic grass land. 
Visual ly the sharp boundary fel l be tween the higher g r o w t h f o rm of the Juncus 
and the grass land. Howeve r , the t ransect passed t h rough a d is t inc t and 
relat ively w i d e t ransi t ional area (Plate 4 . 5 ) . Figure 4 . 7 summar ises the 
f ind ings . The f lor is t ic compos i t i on re f lec ted the d ivers i ty w i t h the change f rom 
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PLATE 4 . 4 Nr Uqborouah Beacon 
Pteridium aquilinum is a vigorous invader and common at the moorland 
edges. Here the transition between the bracken and the Agrostis 
grassland is clearly evident. 
109 
COM 'A ' 
Floristic Composition 
COM 'B 
Quadrat number 
"X Ptefidium 
aquilirum 
Agrostta Agrosiis 
curttsii 
C N a r d u 3 1 
1-2 
Dissimilarity 
2-3 3 - 4 4 - 5 
Quadrat to quadrat 
Environmental Data 
Quadrat number 
soil depth 
TWINSPAN DATA 
3 4 5 1 2 
5 MOLI CAER 4 4 5 _ 0 0 
6 NARD STRI 5 5 5 _ 0 0 
10 V A C C MYRT . . 1 0 0 
2 AGRO CURT 5 5 5 5 5 0 1 
3 BRYO PHYT 4 4 4 4 4 0 1 
4 G A U S A X A 5 5 5 4 5 0 1 
7 POTE EREC 3 3 3 - 3 0 1 
1 AGRO CAPI 5 5 4 5 5 1 
8 PTER AQUI 2 _ 5 5 1 
9 RUME A C E T - - - - 3 1 
0 0 0 1 1 
FIGURE 4 . 6 Uaborouah Beacon - summary of f ind ings 
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PLATE 4 . 5 Nr Postbr idae 
The Molinia grassland community grades into the wetter valley bog at 
this location. 
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FIGURE 4 . 7 Nr Postbr idae - summary of f ind ings 
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Nardus grass land in to the Juncus and Eriophorum c o m m u n i t y . The 
d iss imi lar i ty graph suggests mosa ic ing w i t h the greates t d ivers i ty fa l l ing 
be tween quadra ts 14 and 15 . The T W I N S P A N resul ts s h o w e d an in terest ing 
pa t te rn . This w a s a clearer example of an ecoc l ine, w i t h the quadra ts in 
numer ica l order f rom 1 to 7. Quadrats 8 to 10 re f lec ted s l ight var ie ty in order. 
Quadra ts 11 to 17 we re in a lmost in order a l though 1 3 and 14 w e r e inve r ted . 
4 . 2 . 5 Discussion 
The resul ts f r om Phase I of the pi lot s tudy demons t ra ted tha t t rans i t ional areas 
in te rms of f lor is t ics clearly exist b e t w e e n plant commun i t i es and can be 
ident i f ied and character ised by summary measures of f lor is t ic change . The 
t rans i t iona l areas vary in f o rm and can be a t t r ibu ted to a var ie ty of in f luent ia l 
f ac to rs . Of the env i ronmenta l parameters co l lec ted , the mos t s ign i f icant in 
exp la in ing the vege ta t ion pat terns appeared to be pH and soil mo is tu re con ten t . 
A s a result of the Phase I pi lot s tudy it w a s recognised tha t the sampl ing 
s t ra tegy required a degree of mod i f i ca t i on . The change in vege ta t ion cou ld be 
examined in s impl is t ic terms using a linear t ransec t . Howeve r , the t rans i t ion 
w a s no t adequate ly sampled by th is m e t h o d as the t rans i t ions general ly had 
w i d t h as we l l as length (Plates 4 .1 - 4 .5) and the vege ta t ion pa t te rns w e r e no t 
necessar i ly l inear f r om A to B but mosa iced bo th across and a long the t ransec t . 
There fore a rectangular zone w a s proposed to prov ide a more sui table sampl ing 
f rame. This n e w approach fo rmed the basis of Phase II of the pi lot s t udy . 
The sys temat i c me thodo logy adop ted cap tu red the major var ia t ions in the 
vege ta t i on . Howeve r , redundant data were also inc luded and perhaps more 
impor tan t l y some data may have been o m i t t e d , par t icu lar ly the ex ten t of 
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mosaic ing across the s i te. This can be h igh l ighted by reference to Plate 4 .1 of 
D o w n Tor ( S X 5 9 6 6 8 7 ) . The pho tog raph i l lustrates h igh var iab i l i ty . T w o 
commun i t i es we re se lec ted , the Agrostis grassland in to the heather moo r l and . 
Howeve r , even w i t h i n these areas heterogene i ty is d isp layed . A s the a im w a s 
to record and descr ibe the ful l var iabi l i ty in the vege ta t i on the m o s t sui table 
approach w o u l d be one of del iberate bias, sampl ing whe re changes w i t h i n the 
vege ta t ion we re observed . This shou ld adequate ly ref lect the he terogene i ty 
th rough the t ransec t and min imize redundant da ta . To comp lemen t th is n e w 
approach it w a s proposed tha t qual i ta t ive mapp ing of the t ransec t w o u l d 
supp lement the quant i ta t i ve data . The above po in ts w e r e addressed dur ing 
Phase II of the pi lot s tudy . 
Finally the descr ip tors of f lor ist ic var ia t ion we re l im i ted . A l t h o u g h changes 
cou ld be recorded using the s imple me thods adop ted , the pos i t ion of each site 
a long the spec t rum f r om eco tone to ecocl ine w a s unclear. Mo re r igorous 
analysis w a s obv ious ly requi red. This w a s deve loped separate ly and is 
repor ted on in Chapter 6 . 
4 .2 .6 The new approach to sampling 
The spat ia l i n fo rmat ion cou ld be descr ibed as hav ing t w o componen ts : -
i. 's ignal ' w h i c h represented the major axis of var ia t ion a long the t ransec t 
( / d is tance) 
and 
i i . 'noise' w h i c h w a s the var ia t ion around the major ax is , represent ing the 
var iabi l i ty across the area (x d is tance) . This w a s cons idered impor tan t 
in de tec t ing the degree of mosa ic ing at each si te (Figure 4 . 8 ) . 
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FIGURE 4.8 Signal and Noise 
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The procedure p roposed inc luded three e lements . The f i rs t , i nvo lved the 
creat ion of a two -d imens iona l t ransect . The size w a s de te rmined sub jec t ive ly 
based on the nature of the vege ta t ion and the ex ten t of the observed 
t rans i t ional area. The second c o m p o n e n t w a s quant i ta t i ve data co l lec t ion using 
quadrats p laced at po in ts of vege ta t ion change . W i t h the linear t ransec t the 
logical approach had been to place quadra ts at regular intervals a long the 
t ransect l ine. A c k n o w l e d g e m e n t tha t the var ia t ion had bo th d is tance (s ignal , 
/ ) and w i d t h (noise, x) rendered th is approach inappropr ia te . The aim of 
sampl ing w a s to descr ibe the variation of the vege ta t i on across a boundary , 
thus quadra ts had to be p laced whe re the vege ta t i on d isp layed d i f fe rences in 
compos i t i on . Here del iberate bias w a s used to ensure tha t the d ivers i ty w a s 
adequate ly reco rded . The th i rd e lement w a s the in t roduc t ion of qua l i ta t ive 
mapp ing of the vege ta t i on w i t h i n the x,y t ransec t , w h i c h enabled the spat ial 
var iabi l i ty of the vege ta t ion to be ident i f ied and recorded . The in ten t ion w a s 
to ensure tha t the quant i ta t i ve data prov ided a good representa t ion of the 
mapped area, and tha t these t w o e lements shou ld be used in con junc t i on w i t h 
one another . 
a. Quantitative data 
i. Quadrat size 
The use of open f rame quadrats is a w ide l y accep ted m e t h o d w h i c h 
enables a deta i led s tudy of the nature of the vege ta t ion (Gre ig-Smi th , 
1 9 5 2 ) . Howeve r , the size of the quadra t used to co l lect quant i ta t i ve data 
had no t real ly been addressed. A l t h o u g h Vjm x Vam quadra ts had been 
used , the var iab i l i ty in vege ta t ion pat terns w i t h i n each si te sugges ted tha t 
th is quadra t size may no t be un i fo rmly appropr ia te . Vam x Vjm quadra ts 
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may have actual ly exaggera ted the e f fec ts of mosa ic ing . As the size of 
quadra t is broadly co inc ident w i t h the nature of the inves t iga t ion and the 
size of g r o w t h f o rms , 1m x 1m quadrats we re cons idered to be more 
appropr ia te . 
//. DeUberate bias 
The nature , rate and d i rect ion of change in the vege ta t ion is being 
measured . To sample th is e f fec t i ve ly w o u l d have invo lved a 
comprehens ive cover , sampl ing the area in its en t i re ty . Howeve r , this 
w o u l d be too t ime-consuming and m u c h of the data w o u l d become 
redundan t . For a non-comprehens ive approach there are a number of 
op t ions avai lable. The approach may be sys temat i c or r andom. Random 
sampl ing w a s not sui table as it o f ten produces redundant data (Caus ton , 
1 9 8 8 ) . The sys temat i c approach w a s sti l l rather l imi ted. A f lex ib le 
approach to sampl ing w a s required w h i c h " . . . takes into accoun t the 
var ia t ion in f lor is t ic d ivers i ty across the s tudy area as a who le as we l l as 
tha t b e t w e e n adjacent samp les" (Caldas & Wh i t e , 1 9 8 3 , p i 2 ) . 
Rather than adopt ing the sys temat ic approach appl ied In Phase I, it w a s 
sugges ted tha t quadrats we re n o w placed at areas of obv ious change . The 
sampl ing there fore changed f r om a sys temat i c approach to one of 
del iberate bias. Using this me thodo logy it w o u l d be possible to sample the 
major changes in the vege ta t ion and min imise the dup l i ca t ion . The n e w 
approach w o u l d take the f o rm of p lac ing quadra ts whereve r var ia t ion 
occu r red in the vege ta t i on , adopt ing Caldas & W h i t e ' s (1983) ' f lex ib le 
samp l i ng ' sugges t ion . 
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b. Qualitative Data - x, y transect mapping 
The t w o d imensional t ransect acknow ledged the s ignal and noise var iab i l i ty . 
Vege ta t ion mapp ing is qui te c o m m o n , howeve r it is usual ly the resul t of 
quant i ta t i ve analysis (Smart t & Grainger, 1 9 7 4 ) . Here mapp ing the vege ta t ion 
w i t h i n the t ransec t w a s carr ied ou t prior to sampl ing to prov ide a clear 
ind icat ion of the vege ta t ion pat terns w i t h i n the x,y t ransect . 
The three main changes in approach to sampl ing f r om Phase I to Phase II w e r e 
there fo re : -
i. t ransec t * - the linear t ransect w a s replaced by a t w o d imens iona l 
t ransect w h i c h recorded bo th s ignal and noise (* a l though this has 
been referred to as an 'x,y t r ansec t ' , all fu r ther reference made w i l l 
be to the ' t ransec t ' ) 
i i . quadra t sampl ing - f r om the sys temat i c approach to one of del iberate 
bias. Quadra ts were placed at areas of observed change w i t h i n the 
vege ta t ion to descr ibe the ful l var iabi l i ty across the t ransec t . 
i i i . qua l i ta t ive in fo rmat ion - supp lementa ry in fo rmat ion in the f o rm of 
vege ta t ion mapp ing w a s p rov ided . The vege ta t ion of the t ransec t 
w a s mapped for t w o reasons:-
to prov ide a record of the var iabi l i ty ac ross /w i th in the t ransec t . 
to re in force tha t all the var iabi l i ty w i t h i n the vege ta t ion had been 
quant i ta t i ve ly samp led . 
4 . 3 Phase II - S ta t t s Br idge, Dar tmoor 
4.3.1 I n t roduc t i on 
There remained an e lement of doub t about w h e t h e r the p roposed n e w 
m e t h o d o l o g y a l l owed the nature of the t rans i t ion to be fu l ly charac te r ised . A t 
S ta t ts Bridge the t ransect w a s there fore sampled in bo th x and y d i rec t ions 
using con t i guous quadra ts . The detai led survey and mapp ing of con t i guous 
quadra ts had prev ious ly been descr ibed as an ' i s o n o m e ' (Kershaw & Looney , 
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1 9 8 5 ) . Howeve r , the me thodo logy appl ied here represented a cross b e t w e e n 
a t ransec t and an i sonome, thus the w o r d ' tranome' is used to descr ibe the 
m e t h o d . 
Once the t ranome had been sampled in its ent i re ty it w o u l d be necessary to 
reduce the data set to s imulate the del iberate ly biased sampl ing s t ra tegy 
p roposed . If the f lor is t ic character of the t rans i t ional area descr ibed for a) the 
ful l data set ; b) an ob jec t ive ly der ived subset ; and c) a del iberate ly biased 
subset w e r e comparab le then it cou ld be assumed tha t the p roposed s t ra tegy 
w a s acceptab le . Test ing the e f fec t i veness of the del iberate bias approach w a s 
there fore a major part of Phase I I . 
4 . 3 . 2 Statts Bridge ( S X 6 6 5 8 0 6 ) - the site 
The t rans i t ion w a s f r om heather moor land , managed by burn ing and graz ing, 
to a val ley bog (Plate 4 . 6 ) . Located a lmost cent ra l ly w i t h i n the Dar tmoor 
Nat ional Park, at a he ight of 4 1 5 m , it represented a wa te r receiv ing area, w i t h 
vege ta t ion character is t ic of bo th heath and val ley bog commun i t i e s . Extr insic 
fac to rs we re ev ident , an env i ronmenta l mo is tu re grad ient being the major 
in f luence. The locat ion w a s also a f fec ted by biot ic fac to rs no tab ly graz ing. 
The area is managed by the Dar tmoor Nat ional Park A u t h o r i t y and is burn t on 
a con t ro l led cyc le (Goodfe l low, 1 9 9 0 pers. c o m m . ) . The si te there fore 
p rov ided a good example of up land vege ta t i on , in te rms of the commun i t i es 
represented , nature of the t ransi t ion(s) present and the fac to rs a f fec t i ng the 
vege ta t i on . 
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PLATE 4 . 6 S taus Bridge 
The lighter colour of the Mo/in/a grassland forms a clear band above the 
darker Calluna dominated community. 
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4 . 3 . 3 Sampling 
A t ransect of 1 0 m (x) x 3 0 m (/) w a s establ ished to descr ibe the observed 
changes in the vege ta t ion and th is w a s sampled us ing 1m x 1m con t i guous 
quadra ts , g iv ing 3 0 0 quadrats (Figure 4 . 9 ) . The t ransec t w a s longer than its 
w i d t h due to the fac t tha t the major d i f fe rences in the vege ta t ion we re mos t 
p rominen t d o w n the t ransect (signal, y d is tance) . This appeared to relate to 
the slope and mo is tu re reg ime, w i t h an increase in mo is tu re lower d o w n the 
s lope. Percentage abundance data were co l lec ted for higher p lan ts . Soil 
dep th , organic mat te r , soil mo is ture and pH we re recorded in a l ternate quadra ts 
as it w a s cons idered unnecessary to make these observa t ion across all 3 0 0 
quadra ts . 
To comp lemen t the quant i ta t i ve data ob ta ined , a t ransec t map w a s created to 
s h o w the major changes in vege ta t ion at the c o m m u n i t y scale. H o w e v e r , the 
quadra ts we re at the more detai led scale of the s u b - c o m m u n i t y . There fo re , 
these we re also mapped to indicate the degree of var iabi l i ty w i t h i n the 
vege ta t i on (Figures 4 . 1 0 and 4 . 1 1 ) . This i n t roduced another n e w e lement to 
the sampl ing me thodo logy and related to the theme of nested scales (d iscussed 
in chapter 2 ) . 
If the t ransec t map tha t comp lemen ted the del iberate bias sampl ing ident i f ied 
the same d iscont inu i t ies then this e lement of the p roposed sampl ing m e t h o d 
w o u l d be sui table for the ex tended samp l ing . 
The t ransec t map (Figure 4 ,10 ) ind icated tha t C o m m u n i t y A ex tended to jus t 
over 9 m d o w n the t ranome (signal). The t rans i t ional area var ied in ex ten t (i.e. 
/ d is tance) f rom 8 m at its na r rowes t point to 1 1 m at its longest po in t w h i c h 
con f i rmed the unsu i tab i l i ty of the linear t ransec t app roach . C o m m u n i t y B 
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FIGURE 4 . 9 Sta t ts Bridge Tranome 
(w i th quadrat numbers) 
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Figure 4.11 Quadrat Map - Statts Bridge 
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began between 18m and 21m and extended down the rest of the transect. 
The change from Community A to Community B did not reflect a complete 
change in species composition, as Calluna vulgaris was present across the 
whole transect, it merely reflected a change in dominance as derived from 
percentage abundance data. 
The quadrat map, at the sub-community scale, presented a more detailed image 
of the tranome (Figure 4.11). Whilst general trends could be observed through 
the two dominant vegetation types the heterogeneity within the vegetation was 
clearly evident. The first change in species composition occurred 
approximately 10m down the tranome, where Carex spp became evident. The 
dominance of heather was superseded by a mixed sward which indicated a 
change in community. However, immediately beyond this the heather 
dominance returned briefly, only to be replaced by the Molinia dominated 
community. The clear change from Community A through the transitional area 
to Community B indicated by the transect map was not so distinct at this sub-
community scale. However, Community A was dominated by heather wi th 
notable mixed patches within this. Community B was considerably more 
'patchy' , reflecting the greater variability within Community B. 
Both mapping elements allowed the vegetation patterns to be recorded. They 
also revealed how complex the patterns actually were, for although the change 
in dominance from the Calluna heath to the Molinia bog was distinctive, the 
maps revealed that patches of the Calluna were in evidence across the whole 
transect. This highlighted the presence, and hence importance, of mosaics. 
This could also be described as 'noise' in the data. 
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The transition from Community A to Community B appeared to favour an 
ecocline although the rapidity of change inferred some ecotonal tendencies. 
The species composition changed from the drier heather dominated community 
to a wetter Molinia community where species such as Juncus effusus and 
Sphagnum spp became evident. The overall impression was that the change 
from Community A to Community B was environmentally controlled, by a 
moisture gradient. This was supported by the soil moisture recorded across the 
tranome. 
4.3.4 Classification of the tranome 
Once the tranome was complete it was possible to provide a summary of the 
floristic data. This enabled an objective transect map to be created based on 
the quantitative data. For this purpose the TWINSPAN method was applied to 
the data, to Identify the quadrats which were most similar to one another. The 
output table revealed a 6 level hierarchy for quadrats. Level 3 appeared to 
provide a good indication of the variability of the data across the tranome, and 
this produced 8 groups which have been labelled I to VIII respectively (Figure 
4.12) . 
When compared to the transect map some broad correlations could be 
identified, the most straightforward was down the top 10m, the remainder was 
rather more complicated. However, if groups II, III and IV were combined these 
could represent the transitional area as subjectively mapped. Community B 
would therefore Include groups V to VIII. Community A appeared to be more 
homogenous than both Community B or the transitional area. This supported 
the subjective qualitative mapping. 
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FIGURE 4.12 Classi f icat ion of the T ranome 
(using TWINSPAN level 3 of the division) 
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4.3.5 Location of major discontinuities 
The tranome provided a detailed survey of one site and it fol lowed that for this 
comprehensive data set the transitional area could be determined relatively 
accurately. These data could then be used to test the effectiveness of the 
deliberate bias sampling in determining the extent and nature of the transitional 
area. 
A method suitable for establishing major discontinuities in vegetation 
communities is the 'moving split w indow technique' which locates boundaries 
using moving averages for adjacent samples along ecological gradients (see 
chapter 2, section 2.7.2). This objective method is described fully by Ludwig 
and Cornelius (1987) and enables the Identification of different 'biotic zones'. 
It Involves multivariate sampling between different plant communities (or 
biomes). 
a. The Method 
The method averages data from adjacent quadrats producing a 'synthet ic ' or 
'pseudo' quadrat. To average the data a 'w indow ' or block size must be 
determined. The block size refers to the number of quadrats included In each 
pseudo quadrat. For example a six quadrat block would be divided into two 
three quadrat 'pseudo' quadrats. The average percentage cover for each new 
quadrat is calculated and compared to produce a dissimilarity coefficient. The 
window then moves on one quadrat, the process repeated (Figure 4.1 3) and 
thus the major discontinuities in a set of data are identified. The size of the 
window affects the patterns emphasised; larger block sizes produce smoothed 
patterns, whereas small block sizes include local differences among 
neighbouring quadrats, recording a higher resolution of the ' raw' data. 
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FIGURE 4.13 The methodology of the moving sol i t-window 
technique - 6 block 
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b. Application to the tranome 
The moving split w indow technique was applied to the 300 quadrats of the 
Statts Bridge data. Although the technique determines discontinuities along 
environmental gradients, when applied to a complete tranome, column by 
column, it should be possible to determine 'noise'. The application of this 
technique to the Statts Bridge data therefore formed an important verification 
process. It was applied in several steps, gradually increasing the complexity 
of the variation sampled. 
/'. Window Size 
The first step was to select an appropriate w indow size. Ludwig & 
Cornelius (1987) used block sizes of two, six and ten samples on their data 
which included 91 samples, at 30m apart. On the Statts Bridge data; two , 
four and six quadrat block sizes were selected due to the size of observed 
patterns in the vegetation and the relatively low number of quadrats 
available in each column (30). Using data from column one (Figure 4.9; 
quadrats 1 , 1 1 , 2 1 etc.), the quadrats were initially blocked into windows 
of two quadrats. Each 'w indow' block was divided into two equal parts 
and the average percentage cover for each species was calculated for each 
half block. For the Statts Bridge data because all contiguous quadrats had 
been sampled, the two pseudo quadrats were also real quadrats. A 
dissimilarity coefficient between the two half blocks was calculated. 
Ludwig & Cornelius (1987) used squared Euclidean distance (SED) and the 
same dissimilarity coefficient was applied here. The 'w indow' was moved 
on one quadrat and the procedure repeated until the first column had been 
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sampled. This process was repeated for block sizes of four and six (Figure 
4.14) . 
The dissimilarity between half blocks against transect position were plotted 
(Figure 4.1 5). The peaks identify where the maximum dissimilarity occurs. 
The two quadrat block size provided the greatest amount of detail and the 
six quadrat block size presented a 'smoothed' variation of this. The 
patterns identified confirmed the observation of mosaics at this site (see 
section 4.3.3) . The greatest dissimilarity was shown at the same position 
down the tranome for all three quadrat block sizes, i.e. between quadrats 
9 and 10, The extent of the transitional area was less obvious. From the 
six block it appeared to fall between 9m and 13m; from the four block 
between 9m and 12m and from the two block between 9m and 18m. The 
two quadrat block would include all the differences between neighbouring 
quadrats and was therefore considered to be too detailed. It had already 
been acknowledged that Community B displayed greater heterogeneity than 
either Community A or the transitional area and thus it fol lowed that this 
heterogeneity could be interpreted as a discontinuity or boundary. As the 
six block unit smoothed the data too much, the four quadrat block size was 
selected for further analyses. 
//. AoDlication to the complete data set 
The next stage of the investigation was to perform this technique on each 
of the 10 columns of the tranome, using the four quadrat block size. 
Focusing on each column should highlight the change in vegetation down 
the transect (signal, ' y ' distance) and also indicate the variation in the 
position of maximum variation across the transect (noise, ' x ' distance). By 
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combining the information from each column it should be possible to 
demonstrate the location of the major discontinuities at the site and 
compare these to the vegetation map drawn for the transect. 
Figure 4.16 shows the results graphically for each column wi th the peaks 
representing the greatest difference between the pseudo quadrats. These 
were most notable in columns 1 to 5 and column 9. Figure 4.17 indicates 
the discontinuities located on the entire tranome, wi th the dissimilarity 
values plotted onto a transect map to illustrate both the major and minor 
changes, identified by shading. 
It was apparent that the strength of the differences varied from column to 
column, it was also clear that the location of the greatest difference 
occurred at different points down the tranome. Therefore, these data were 
translated into major and secondary discontinuities. The major 
discontinuities were those pairs of quadrats in each column which 
demonstrated the greatest difference (i.e. highest values). The secondary 
discontinuities were simply identified by looking at all pairs of quadrats wi th 
dissimilarity values recorded within 2 0 % of this highest value. Each 
column was thus treated independently and then these major and minor 
discontinuities recorded on the tranome (Figure 4,17) . Due to the nature 
of the method, the two mid point quadrats could be assigned different 
classes when the 'w indow' moved on one step. This was illustrated by 
cross hatching. 
Figure 4.17 reinforced the observation that Community A displayed greater 
homogeneity than both the transitional area and Community B, and a 
number of summary points can be established about the tranome:-
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i, the main discontinuity varied in strength across the tranome (x 
distance) but was most pronounced at 9m in column 1, 10m In 
columns 2 and 3, 12m in column 4 , 14m in column 5 and 13m in 
column 9. 
11. the precise location of the transitional area across the tranome was 
complicated by the nature of the vegetation. However It appeared to 
extend some 9m in length. 
Hi. both Community A and Community B displayed mosaics, but these 
were more pronounced In Community B. 
iv. the transitional area: 
had definite ecocllnal qualities but also displayed some ecotonal 
tendencies 
was not a clear linear feature 
had vegetation more in common wi th Community B than 
Community A 
displayed mosaics 
This method identified the major discontinuities. However, the nature of the 
vegetation would influence these findings. Community A was a heather 
moorland community. Therefore it would be anticipated that some quadrats 
would be dominated by a Calluna bush, whilst other quadrats may be more 
diverse, reflecting a gap in the canopy or a patch. This would affect the 
dissimilarity, wi th the patches producing higher dissimilarity values. 
From the evidence presented, the transitional area was not uniform throughout 
the tranome, both In terms of its position across the transect (x distance) and 
its extent (y distance). The greatest change occurred at 9m and extended to 
16m, w i th a SE trend, representing the range of the transitional area. 
Reference to the secondary discontinuities substantiated the evidence of 
mosaics. This heterogeneity was reinforced as evidenced by Figure 4.18 
which depicts the mean dissimilarity values and their standard deviation. 
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Whilst the position of each community and the transitional area varied from 
column to column, this graph provides a summary of the signal for the 
tranome. The transition from Community A to Community B was affected by 
mosaics which reinforced the diff iculty of defining the actual extent of the 
transitional area. Community A extended to approximately 9m and displayed 
a greater homogeneity than either Community B or the transitional area. 
Community B occurred between 16m and 30m down the transect and 
displayed an interesting pattern. Whilst many quadrats were similar, there 
were also many dissimilarities which signified greater heterogeneity within this 
community. 
Comparing the results of the moving split w indow technique to the transect 
and quadrat maps was more complex. The transect map (Figure 4.10) 
provided a smoothed version of the vegetation for the site and the quadrat map 
a detailed impression of the vegetation. The map for the moving split w indow 
technique (Figure 4.17) fell somewhere between these two and was not 
directly comparable to either. However, a number of features were 
recognised:-
- the greatest differences fell within the area identified subjectively as the 
transitional area 
- the exact locations differed slightly but the overall trend remained the 
same 
- the extent of the transitional area was complicated by the nature of the 
vegetation within this area. 
From Figure 4.17 the transitional area appeared to fall between 1 5m and 20m, 
as opposed to 18m and 21m from the transect map, however it could be 
argued that these extents are reasonably similar. 
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Referring to the quadrat map (Figure 4.11) the transitional area appeared to 
have features in common wi th both communities. The greatest dissimilarity 
however was noted where there was a change from the heather dominated 
community to a mixed sward. The extent of the transitional area was unclear 
due to the gradual change Into Community B, hence the changes were more 
subtle. This evidence supported the conjecture that the transitional area had 
stronger ecoclinal than ecotonal tendencies. 
The moving split w indow technique applied to the data set supported the 
difficulties encountered in precisely locating the transitional area between plant 
communities. However the transect and quadrat map were particularly useful 
in interpreting the findings. These results therefore confirmed the viability of 
these mapping elements as exceptionally useful tools in the description of 
transitional areas between plant communities. 
The next stage of the research was to simulate the deliberately biased sampling 
approach in order to test whether all the sub-groups identified in the 
TWINSPAN findings were represented. 
4.3.6 Data reduction and subset selection 
It was necessary to determine that the proposed methodology would 
adequately represent the variability in the vegetation. Whilst the complete data 
set provided an objective approach and the results were unbiased by selection, 
it was necessary to reduce the tranome into a series of smaller subsets. This 
would enable verification of the proposed methodology. 
There were two main steps involved in the data reduction, which ensured that 
the heterogeneity within the transect was represented. Subsets were created 
1 4 0 
subjectively and objectively. Once the subsets had been established they were 
compared to the TWINSPAN map (Figure 4.12) to ensure that all the sub-
communities identified were included in each subset and hence all variability 
within the vegetation had been sampled. 
a. Subjectively selected subset - deliberate bias 
The deliberately biased sampling should represent the sub communities within 
the vegetation, possibly sampling at points of maximum change. This subset 
was selected from the tranome to emulate the sampling strategy to be used 
subsequently. Sample selection was based on the transect map at the 
community scale. The quadrats chosen should provide a good representation 
of the three distinct areas identified and include any variability within them. 
24 quadrats were selected across the transect. The extent of each community 
and the transitional area was based on the subjective mapping element. The 
transect map indicated greater patchiness in Community B and this 
heterogeneity was reflected by the larger number of samples taken in this area. 
The TWINSPAN map (Figure 4.1 2) was used to indicate which sub-community 
(TWINSPAN group) each quadrat belonged to. Figure 4.19 illustrates the 
quadrats selected wi th the TWINSPAN groups from the 3rd division 
superimposed on them. Each group was represented which demonstrated that 
the full floristic variability was included using this approach, although sub-
communities III, IV and VIII only featured once. 
b. Objectively selected subsets 
The objective reduction of the tranome into subsets was carried out using the 
dissimilarity coefficient (based on Czekanowski's coefficient). 
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Six subsets, of increasing complexity, were created as detailed below. Table 
4.3 indicates the quadrats included in each. 
/'. Independent (Subsets A & B) 
Pairs of quadrats displaying the greatest dissimilarity between adjacent 
rows were selected. The initial selection was for quadrats in row 1 (row 
n) and row 2 (row n + 1). The process was repeated for rows 2 and 3, 
rows 3 and 4 and so on, wi th each pair of quadrats being selected by the 
greatest dissimilarity value between rows. The choice of quadrats was not 
influenced by previous selections as each pair was selected independently. 
To ensure that the orientation of the transect did not affect the results, this 
procedure was repeated starting wi th row 30 (row n) and row 29 (row n-1) 
working back through the sequence to the first row, thus creating a 
second subset. Figures 4.20 and 4.21 illustrate the subsets identified. 
//. Dependent (Subsets C & DJ 
Here the initial selection between rows 1 and 2 was based on the greatest 
dissimilarity. The selection for row 2 was retained and the quadrat in row 
3 wi th the greatest dissimilarity value to the quadrat retained from row 2 
was selected. Rows 1 and 2 were completely unbiased, the selection from 
rows 2 and 3 and subsequent rows were determined by the quadrat 
selected from the previous row. This process was repeated throughout the 
transect. 
The second dependent subset was created by starting with row 30 (row 
n) and row 29 (row n-1) and working backwards to row 1. These formed 
subsets 3 and 4 respectively, illustrated in Figures 4.22 and 4.23, 
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Subset Quadrat Numbers 
A - Independent N-S 
(49 quadrats] 
5, 12, 13. 21. 26, 31, 35, 48. 51, 65, 73, 81. 90. 
91, 92. 107. 108. 113, 119, 125, 129. 130, 135. 
137, 163. 146. 151. 154, 162, 165. 173, 179. 181, 
190, 192. 193. 209, 213. 220, 221, 231, 241. 245, 
254, 258, 266, 272. 288, 295 
B - Independent S-N 
[45 quadrats] 
5, 12, 16, 26, 35, 43, 48, 51, 62, 79, 81, 92, 99. 
107, 108. 113. 119, 125. 129. 130, 135, 137, 141, 
146, 151. 154. 165, 170, 172, 179. 181, 193. 200, 
209, 217, 220. 222, 232, 245, 250, 254, 266, 272, 
288, 295 
C- Dependent N-S 
[30 quadrats] 
5, 12, 24, 31, 44, 53, 67, 79, 81, 91, 106. 119, 
123, 136. 141. 151, 165. 179. 181, 200, 210, 212, 
228, 232, 250. 257, 261. 278, 281, 300 
D - Dependent S-N 
[30 quadrats] 
7, 16. 26, 35. 48. 51. 65. 73. 90, 92, 107, 119, 
127, 135, 141, 151, 165, 179, 181, 200, 202, 220, 
222, 232, 245, 254, 266, 272, 288, 295 
E - Difference N-S 
[52 quadrats] 
5, 12, 15, 16, 19. 23, 24, 27. 30, 31. 35, 44, 53, 
67. 79, 81, 88, 90. 91, 106, 119, 123, 124, 126, 
132, 136, 138, 139, 140, 141, 151, 162. 165. 169, 
170, 179, 181. 200. 210. 212. 228, 232. 245, 250, 
258, 261, 268, 278, 281, 288, 290, 300 
F - Difference S-N 
[50 quadrats] 
7, 12, 14, 15, 16, 26. 35, 48, 51, 62, 65, 73, 81, 
83, 90. 92, 107. 112. 113. 119. 124, 125. 126, 
127, 135, 141. 151. 154, 156. 165, 173, 178, 
181,200, 202, 205, 207, 208, 209, 210, 220, 222, 
232. 245, 254, 266, 272, 284, 288, 295 
TABLE 4.3 Subsets selected from the Statts Bridge Tranome 
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///. Difference (Subsets E & F) 
The two final subsets represented a variation of the dependent subsets, 
designed to incorporate noise (variation across the x axis) adding the 
horizontal dimension. The first quadrats selected were the pair that show 
maximum dissimilarity between row 1 and row 2. Any pair of quadrats 
within row 1 wi th dissimilarity values equal to or greater than the maximum 
dissimilarity between row 1 and row 2 was/were also included. The first 
subset was created from top to bottom, the second subset began wi th row 
30 and row 29 and went from bottom to top. These formed subsets 5 and 
6 and represented thorough samples of diversity in the transect, see 
Figures 4 .24 and 4.25. 
When compared to the TWINSPAN map (Figure 4.12) subsets A, B, D and F 
included all the sub-communities identified therein. Subsets C and E excluded 
the TWINSPAN group VIII, however, as recognised previously groups V to VII 
were all part of Community B. On the TWINSPAN map group VIII was the least 
well represented group overall, therefore it could be assumed that the 
differences between this group and group VII were not sufficiently distinct to 
isolate them through high dissimilarity values. 
For the 10m x 30m transect the six subsets substantially reduced the number 
of quadrats from 300 (see Table 4.3). However, this method still included 
redundant information. It was necessary for each sub community to be 
represented but these subsets included several quadrats from the same 
TWINSPAN group. 
The final stage was to reduce these data further in an attempt to avoid 
unnecessary duplication. This should more closely reflect the approach 
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proposed for the more extended sampling. To enable this reduction a 
frequency distribution of the dissimilarity coefficient was created in order to 
objectively determine which quadrats could be excluded from each subset. 
The complete tranome produced a half matrix of 44 ,850 dissimilarity values. 
100 class boundaries were established and a frequency distribution plotted 
(Figure 4.26) . The bimodal pattern, wi th relatively steep sides, reflected the 
variability within the data. The aim was to identify a dissimilarity value which 
could be used as a threshold to reduce the data set, where any values below 
this threshold value would be excluded. From the frequency distribution graph 
the modes were identified together with the mid point between these, providing 
the values: 0.480 (mode 1), 0.610 (mid point) and 0.740 (mode 2). Additional 
statistical measures were also included using the mean (0.444) and the 
standard deviation (0.241). The thresholds considered were therefore 0.444 
(mean), 0.480, 0.610, 0.685 (mean +1stdev) and 0.740. The results are 
summarised in Table 4.4 and on the basis of these the dissimilarity value of 
0.610 was considered to provide the most satisfactory threshold value. Figure 
4.27 to 4.32 illustrate the resulting quadrats selected for each of the subsets. 
The results from the data reduction were quite varied. The deliberate bias 
subset sampled the tranome well and included all the sub-communities. 
However some problems were encountered in the subsets created objectively. 
Only two of the subsets sampled all the sub-communities and in these the total 
sample numbers remained high. At the other extreme Subset C was 
substantially reduced using the 0.610 dissimilarity threshold and only included 
7 quadrats. It appeared to exclude important information because TWINSPAN 
group(s) II, V, VII and VIII were not represented. The most satisfactory 
152 
€91 
O 
C 
J3 Frequency 
CD 
CD 
Q 
C 
CD 
3 
O 
< 
Q. 
crt* 
O 
o 
n 
03 
W 
W 
D 
C 
3 
c r 
CD 
0 ) 
(A 
CD 
CO 
CD 
C/) 
c 
Subset 
Dissimilarity value 
0.444 (mean) 0.480 0.610 0.686 ( + 1 stdev) 0.740 
A 
TG - all 
0 / - 5 12 13 21 26 31 3 5 48 51 6 5 73 B1 9 0 91 9 2 107 
108 1 1 3 l ie 1 2 5 129 1 3 0 135 137 163 146 151 154 162 
1 6 5 1 7 3 179 181 190 192 193 208 2 1 3 2 2 0 221 231 241 
2 4 5 254 2 5 8 2 6 6 2 7 2 2B8 2 8 5 [49 quadratsl 
TG - all 
0 / - all 
TG • all 
Ql - all 
TG - all 
Qt - 5 12 92 107 108 113 119 125 
128 130 135 137 143 146 151 154 
162 165 173 192 2 0 9 2 1 3 2 2 0 2 2 2 
232 242 2 4 5 2 5 4 2 7 2 289 2 9 5 (32 
quadrats) 
TG - 1 III IV V VI only 
Qf - 113 125 129 130 137 151 
162 165 173 222 232 2 4 2 |12 
quadrats] 
TO - 1 IV VI only 
Qf - 113 126 129 130 137 2 2 2 
2 3 2 2 4 2 (8 quadrats) 
B 
TG - all 
0 / - 5 12 16 26 3 5 4 3 48 51 62 79 81 92 99 107 108 
1 1 3 119 125 129 1 3 0 1 3 5 137 141 146 151 154 165 1 7 0 
172 179 181 1 9 3 2 0 0 2 0 9 2 1 7 2 2 0 2 2 2 2 3 2 2 4 5 2 5 0 2 5 4 
2 6 6 2 7 2 2 6 8 2 9 5 145 quiidratal 
TG - all 
0 / - all 
TG - all 
Ql - all 
TG - 1 III IV VI only 
Qf • 5 1 2 6 2 79 107 113 119 125 
129 130 135 137 141 148 151 154 
165 170 172 2 2 0 2 2 2 2 3 2 2 4 5 2 5 0 
254 272 288 2 9 5 (28 quadrats) 
TG - 1 III IV VI only 
Qf - 113 125 129 130 137 151 
165 2 2 2 2 3 2 2 5 0 (10 quadrats) 
TO - 1 III VI only 
Qt - 113 125 128 130 137 222 
232 2 5 0 (8 quadrats) 
c 
TG - all except VIII 
Q / - 5 12 24 31 44 5 3 6 7 79 S I 91 108 119 123 136 
141 151 1 6 5 179 181 2 0 0 2 1 0 2 1 2 228 232 2 5 0 2 5 7 281 
278 281 3 0 0 ( 3 0 q u a d r a t o | 
7 G - all excluding VIII 
Qt - all except 
31 44 5 3 276 
(26 quadrats) 
TG - all excluding VIII 
0 / - all except 24 3 i 44 53 
278 2B1 3 0 0 123 quadrats) 
TG • all 
0 / - 5 12 151 165 228 232 2 5 0 ( 7 
quadrats) 
TG - III IV VI only 
Qt - 151 165 228 232 2 5 0 (5 
quadrats) 
7G - VI only 
Qf - 232 2 5 0 (2 quadrats] 
D 
TG - all 
0 / - 7 16 26 3 5 4 8 51 6 5 73 8 0 82 107 119 127 135 
141 151 165 179 181 2 0 0 2 0 2 2 2 0 2 2 2 2 3 2 2 4 5 2 5 4 2 6 6 
2 7 2 2 8 8 2 9 5 (30 quiidratol 
TG - alt 
0 / - all except 7 
(29 quadrats) 
TG - all 
0 / - all except 7 
(29 quadrats) 
TG - all excluding V 
0 / - 107 119 135 141 151 165 2 2 0 
222 232 2 4 5 254 2 7 2 2 8 6 2 9 5 (14 
quadrats) 
TG - III IV VI only 
0 / - 151 165 222 2 3 2 2 4 5 (5 
quadrats) 
TO - VI only 
Qt • 2 2 2 2 3 2 2 4 5 (3 quadrats) 
E 
TG - all except V & VIII 
Qt - 5 12 15 16 18 2 3 24 27 3 0 31 3 5 44 5 3 67 76 81 
88 9 0 91 106 119 1 2 3 134 126 132 136 138 139 140 
141 151 162 165 169 1 7 0 179 181 2 0 0 2 1 0 212 22B 2 3 2 
2 4 5 2 5 0 2 5 8 261 2 6 8 2 7 8 281 2B8 2 8 0 3 0 0 |52 quadratol 
TG - all excluding VIII 
Qf - all except 
31 44 5 3 278 
(48 quadrats) 
T G - all excluding VIII 
0 / • all except 24 31 4 4 5 3 
278 (47 quadrats) 
TG - all excluding VIII 
Qf - 5 12 81 9 0 123 126 136 136 
140 151 165 2 2 6 2 3 2 2 4 S 2 5 0 281 
2 9 0 (1 7 quadrats) 
TG - III IV VI only 
Q/- 1 11 81 9 0 123 126 136 138 
1 4 0 151 165 228 232 2 4 5 2 5 0 
281 289 (17 quadrats) 
TO - VI only 
Qt - 2 3 2 2 5 0 (2 quadrats) 
F 
TG • all 
0 / - 7 12 14 15 16 26 3 5 48 51 62 6 5 73 61 6 3 8 0 9 2 
107 112 113 119 124 125 126 127 135 141 151 154 156 
165 1 73 178 181 2 0 0 2 0 2 2 0 5 2 0 7 208 208 2 1 0 2 2 0 2 2 2 
2 3 2 2 4 5 254 2 6 6 2 7 2 2 8 4 2 8 6 2 9 5 [50qusdrata | 
TG - all 
Qf • all except 7 
(49 quadrats) 
TG - all 
Ql - all except 7 
(49 quadrats) 
TG - all excluding V 
0 / - 62 6 5 81 9 0 107 112 113 118 
127 135 141 151 154 156 165 2 2 0 
2 2 2 232 2 4 5 254 272 264 288 2 9 5 
(24 quadrats) 
TG - III IV VI 
Qf - 6 2 6 5 81 9 0 107 112 113 
119 127 135 141 151 154 156 
165 2 2 0 222 232 2 4 5 254 2 7 2 
2 6 6 2 8 4 2 9 5 (24 quadrats) 
TO - VI only 
Qf - 2 2 2 232 2 4 5 (3 quadrats) 
TABLE 4 .4 Quadrats included in the various subsets using different dissimilarity values for data reduction 
{TG = TWINSPAN group: Q/ = quadrats included) 
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If 
fill 
III 
in 
iii;i / • I V . 
fv , 
Pli 
VI 
VI P i 
VI 
VI 
VI 
VIII 
-
vin 
KEY:-
Quadrat Selected 
FIGURE 4.27 Subset A: Independent N-S 
using 0.610 dissimilaritv threshold 
(with TWINSPAN groups) 
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1 
1 
It 
III 1 
III 
Mi III 
IV 
IV IV 
m IV 
V 
VI 
VI 
VI 
VI VI 
Vf 
Vlli 
Vfl 
yiK 
KEY: 
Quadrat Selected 
FIGURE 4.2_8 Subset B: Independent S-N 
using 0.610 dissimilarity threshold 
(with TWINSPAN groups) 
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VI 
VI 
KEY:-
Quadrat Selected 
FIGURE 4.29 Subset C: Dependent N-S 
using 0.610 dissimilarrtv threshold 
(with TWINSPAN groups) 
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tl 
1 
ni 
ill 
IV 
Ml 
VI 
VI 
VI 
VI 
V( 
VIII 
VII 
Vlll 
KEY:-
Quadrat Selected 
FIGURE 4.30 Subset D: Dependent S-N 
using 0.610 dissimilarity threshold 
(with TWINSPAN groups) 
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1 
1 
1 li 
III III 
lit III III 
IV 
Mf 
VI 
VI 
VI VI 
Vlf VII 
KEY:-
Quadrat Selected 
FIGURE 4.31 Subset E: Difference N-S 
using 0.610 dissimilaritv threshold 
(with TWINSPAN groups 
nb groups V & VIII excluded) 
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III 
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IV -=iv>^ : 
VI 
VI 
^V l 
* •• 
;yiii:.. 
VII 
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, .VH 
;.yni 
KEY: 
Quadrat Selected 
FIGURE 4.32 Subset F: Difference S-N 
using 0.610 dissimilarity threshold 
(with TWINSPAN groups 
nb group V excluded) 
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appeared to be the reduction of Subset E (Table 4.4) where all sub-
communities, except group Vl l l , were sampled and the total number of 
quadrats had been reduced from 52 to 17. 
The aim had been to test whether the floristic variability within the vegetation 
could be adequately sampled through a deliberately biased approach. The 
results indicated that this could be achieved and this method was actually more 
effective than obtaining a selection objectively using the dissimilarity 
coefficient. 
The subjective and objective subset creation raised two points. The first was 
that the transitional area was well represented and recognisable within a 
reduced data set. Secondly, the fact that the subsets comprised different 
quadrats within the same TWINSPAN group highlighted the importance of 
mosaics at this site. 
4.3.7 Phase II summary 
Phase II of the pilot study had been devised to test the sampling strategy 
proposed for the main data collection using a rectangular transect, sampling at 
points of vegetation change and supporting this wi th qualitative mapping. 
Initially a comprehensive survey was carried out to ensure that the floristic 
nature of the tranome was fully described. Whilst it was recognised that this 
would replicate information and produce redundant data it was considered an 
essential stage of the pilot study. 
The moving split w indow technique was applied to the data to objectively 
determine the discontinuities in the vegetation. This isolated the areas 
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displaying the greatest difference and was used to identify the extent of both 
the two plant communities sampled and the transitional area between them. 
It was recognised that mosaics complicated the patterns observed and that 
these would require further consideration. 
Data reduction was carried out to simulate the proposed future sampling 
strategy. This was achieved in two ways. Firstly a subset was subjectively 
selected through reference to the transect map. Secondly, a series of subsets 
were created objectively using the dissimilarity coefficient to identify dissimilar 
quadrats. The results indicated that contiguous quadrats were not necessary 
to describe the full floristic variability within a transect. The deliberately biased 
sample can represent the full floristic variability within the tranome. It was also 
apparent that mosaics formed an inherent feature within the vegetational 
characteristics of both the recognisable plant communities and the transitional 
areas. These could complicate the nature of the transitional area and thus 
compound the difficulties of providing a simple classification of boundary types. 
4.4 Chapter Summary 
The aim of the pilot study had been to test the proposed sampling strategy to 
ensure that the objectives of the research could be achieved. The proposed 
sampling strategy involved three elements:-
i. a two dimensional transect which recorded both signal and noise 
ii. quantitative sampling, using a deliberately biased approach, to 
ultimately enable a classification into transitional types 
iii. qualitative mapping to enable the spatial variability of the vegetation 
to be identified and recorded 
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These had been explored in depth to assess their suitability. The two 
dimensional transect enabled the full variability of the vegetation to be 
examined recognising that plant communities and more importantly, transitional 
areas were not linear features. They could not be investigated using simple 
linear approaches and the rectangular transect, which recorded both signal (y 
distance) and noise (x distance), appeared to fulfil the requirements of this 
research. 
A comprehensive survey had been used to evaluate the relevance of a 
deliberately biased sample. The results supported the notion that 'wholesale' 
sampling was not necessary and in fact included much redundant data. Overall 
the subjective approach appeared to sample the floristic variability more 
effectively than the objectively derived subsets. 
The qualitative mapping was valuable in determining the extent of both the 
communities sampled and the transitional area. Whilst vegetation mapping is 
normally the result of quantitative sampling this element provided a useful tool 
aiding an interpretation of the vegetational characteristics observed at the site. 
From these studies it appears that the proposed methodology fulfilled the aims 
of the research and that it was appropriate to continue to the next stage of 
data collection. The fol lowing chapter describes study sites for the extended 
field data collection and chapter 6 details the methods of analysis selected. 
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PART THREE 
EXTENDED SAMPLING IN UPLAND BRITAIN 
AND DA TA ANAL YSIS 
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CHAPTER 5 
EXTENDED SAMPLING - THE STUDY SITES 
5.1 Introduction 
The aim of the extended sampling was to obtain a detailed description of the 
structure of vegetation, across a range of transitional areas. The approach to 
sampling has been discussed in relation to the pilot studies. This involved the 
use of an x , / transect with quadrat location subjectively determined based on 
the nature of the vegetation. Nomenclature fol lows Clapham etal., (1987) and 
Stace, (1991). 
5.2 Scale and spatial patterns 
The issues and relevance of scale to ecological studies was reviewed in 
Chapter 2 (section 2.6). The scale chosen for any study should relate to the 
nature of the investigation. As this research is concerned wi th plant 
distributions, particularly within and between plant communities, the scale of 
this research is primarily at the community level. However, as discussed in 
chapter 2 (sections 2.6.2 and 2.6.3) it is necessary also to incorporate 
information from both coarser and finer scales, as " . . . the understanding of 
an organisation at any level required attention also to the levels above and 
below." (Rowe, 1 9 6 1 , p421). Therefore three scales of investigation are 
included in this research as illustrated in Figure 5 . 1 . 
Starting sampling at the regional/landscape level shows how patterns at the 
community and sub-community scales fit into a hierarchy of spatial patterns in 
upland ecosystems. This represented a nested approach to sampling, where 
initial observations are made at the higher (smaller) scale and increase to a 
165 
lower (larger) scale of greater detail. Within this framework the smaller scale 
(regional/landscape) is referred to as level 1 , the community/local scale level 2 
and the sub-community scale, level 3 . 
REGIONAL/LANDSCAPE SCALE 
COMMUNITY /LOCAL SCALE 
SUB-COMMUNITY SCALE 
FIGURE 5.1 Three scales of investigation within this research 
(the arrows indicate an increasing resolution and thus detail) 
At each scale different methods were used to detect spatial patterns, these 
ranged from remote sensing at level 1 to mapping and quantitative 
measures at level 3 . These are summarised in Table 5.1 and Figure 5 . 2 . 
Scale Vegetation Methods employed to detect 
spatial patterns 
Regional /Landscape 
(level 1) 
Community /Local 
(level 2) 
Sub-community 
(level 3) 
Regional vegetation 
(a collection of 
plant communities) 
Plant community 
Associa ted spec ies 
Remotely sensed satellite data 
Aerial photographs 
Ordnance survey maps 
Transect approach 
(vegetation mapped to record 
spatial change) 
Quadrat approach 
(qualitative and quantitative 
techniques) 
TABLE 5.1 Relationships between scale and methods adopted 
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2 km 
L E V E L 1 
E 
CM 
COMMUNITY 
TYPE 
A 
COMMUNITY 
TYPE 
B 
COMMUNITY 
TYPE 
C 
TRANSECT 
1 
COMMUNITY TYPE D 
L E V E L 2 
COMMUNITY TYPEE 
COMMUNITY TYPE A 
(not to scale) 
FIGURE 5.2 Nested approach to sampling and the detection of spatial patterns 
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5.3 Study sites 
Locations within each of the four study areas were determined initially using 
the remotely sensed satellite images to identify potential sites. An example is 
provided for the Snowdonia area, illustrated in Plate 5 , 1 . This was created 
using NERC's (Natural Environmental Research Council) International Imaging 
System (I^S) and their digital data, at the University of Plymouth. As the data 
are recorded in digital form different interactive processing techniques can be 
performed on them (see Table 5.2) to produce images for initial 
reconnaissance. 
T E C H N I Q U E 
Enhancement may improve contrast through contrast 
stretching or sharpen edges through sharpening 
Geometr ic correction & 
registration 
necessary if used for cartographic purposes 
Noise suppression & 
filtering 
amplification or removal of components. The 
filtering technique can enhance edges. High 
pass filters sharpens (amplifies) the image; tow 
pass filters smooth (blurs) the image. Moving 
average filter - size varies worked out by trial and 
error - (eg average of pixel values in a 7 pixel by 
5 line box). 
Classif ication e a c h pixel can be labelled making it possible to 
distinguish between different landcover types (eg 
wheat , forest, sandy desert) . The spectral 
character ist ics of different land-cover c l a s s e s 
must be established (through ground surveys) . 
Image transformations enables the combination of information from 1 
band to another. May transform using principal 
components analysis. 
TABLE 5.2 Imaoe processing techniques 
(after Mather, 1991) 
For the compilation of the Snowdonia image, TM bands 4, 5 and 3 were used 
and the data were enhanced using a piecewise stretch. This enabled greater 
contrasts to be observed between the different vegetation types. The purpose 
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P L A T E 5.1 Part of S n o w d o n i a Nat ional Park 
(using TM bands 4 .5 ,3 ) 
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of this was to identify areas where differences were evident (as illustrated by 
the colours and boundaries). Therefore it would be inappropriate to select a 
location which appeared to be only one colour. It was also necessary for slight 
differences to be observed over a small spatial area. The location selected 
from this image was near Llyn Llydaw and Llyn Terryn, just to the east of 
Snowdon. 
Once 'possible' locations had been identified, aerial photographs were used to 
provide more detail and the final site selection relied on field reconnaissance. 
Thus a range of sites were selected for each of the study areas outlined in 
chapter 3. These are described below and summarised towards the end of this 
chapter (in Table 5.3). 
5.3.1 Dartmoor sites 
The part of Dartmoor selected for the extended sampling was below Yes Tor 
and High Willhays (the highest parts of Dartmoor at 619m and 621m 
respectively), near Black-a-Tor. The satellite image had implied much diversity 
over a small spatial area, although this was less clear from the aerial 
photograph. Field reconnaissance revealed that the area was dominated by 
grassland communities wi th some ericaceous shrubs and bracken invasions. 
Plate 5.2 illustrates the general area. 
i. Site 01 (SX563902) Molinia into Agrostis grassland 
This provides good examples of typical upland grassland communities and 
the boundary sampled was between the Molinia dominated grassland and 
an Agrostis curtisii dominated grassland. Visually the transition between 
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P L A T E 5 . 2 G e n e r a l v i e w of the Dar tmoor locat ion 
This area, near Black-a-Tor, s h o w s a Molinia heath with Vaccinium in the 
foreground. The clitter s t rewn slope is invaded by Pteridium and the whole 
area dominated by grassland communit ies. 
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these two communities was quite marked, as illustrated in Plate 5.3. The 
site was at 405m with a west south west aspect and a recorded slope of 
6°. 
ii. Site D2 {SX562&SB) Agrost/s/Nardus grassland into MoI'mia grassland 
Molinia featured as one of the communities at site 2, here the 
Agrostis/Nardus community met the Molinia community. As illustrated in 
Plate 5.4 the Molinia tussocks mark the change from one community to the 
next. This site had a south westerly aspect, an average slope of 10° and 
was at an altitude of 385m. 
iii. Site D3 (SX565896) Pteridium aquilinum into Molinia grassland 
Bracken invasion is widespread in many upland areas. This transect 
captures bracken invading a Molinia community. The green fronds of the 
bracken provide a particularly stark contrast to the adjacent grassland 
community (which is equally sharp when the fronds begin to die back). 
Plate 5.5 characterises this transect. The site was at an approximate 
altitude of 420m, with an average slope of 8° and a north westerly aspect. 
iv. Site D4 (SX559898) Agrostis grassland into a Molinia bog 
community. 
This transect was established across a transition from Agrostis into Molinia 
dominated bog community, as illustrated in Plate 5.6. The patterns within 
the transect revealed considerable variability. The site had a north easterly 
aspect, wi th an average slope of 18** and was at a height of 380m. 
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PLATE 5.3 Part of site D1 
The transect sampled a change from A^o//>7/a dominated grassland into Agrostis 
curtisii domination. The Molinia hummocks are obvious in this photograph, 
these contribute to the observed boundary. 
PLATE 5.4 Part of site D2 
The boundary sampled here was between a Agrostis/Nardus grassland 
community into Molinia dominance. The brighter green appearance of the 
Molinia illustrates this noticeable boundary. 
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PLATE Part of site D3 
The bright green fronds of the bracken form a distinct boundary between this 
community and the Molinia grassland just below Black-a-Tor. 
PLATE 5.6 Part of site D4 
The transition between the Agrostis grassland into the Molinia bog appears 
somewhat indistinct from the photograph. On closer inspection the diversity 
was noticeable, w i th a change from a dry to a wetter regime. 
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V . Site D5 (SX561892) Pteridium into Nardus grassland 
A transition between bracken and the Nardus dominated grassland 
community was observed and sampled. The bracken appeared to be 
invading upslope, possibly environmentally controlled by soil moisture. The 
site was at 470m, with a north facing aspect and an average slope of 18°. 
Plate 5.7 illustrates part of this site. 
5.3.2 Snowdonia sites 
An area near Pen-y-pass was selected (as discussed above) to provide a 
representative range of sites from this study area. The vegetation was 
dominated by grassland and bog communities. Pressures impacting upon this 
area include grazing, recreation, MoD activities and the siting of a pipeline (part 
of the hydro-electric power station providing water from Llyn Llydaw). The 
altitudinal range for these sites lay between 325m and 385m, w i th Snowdon 
itself rising to 1085m, 
1. Site S1 (SH643546) Nardus/Festuca grassland into Pteridium 
aquilinum, 
Plate 5.8 illustrates part of this site which samples between a 
Nardus/Festuca mixed grassland into a bracken dominated community. 
This change occurred downslope. The site was at a height of 360m with 
a south westerly aspect and an average slope of 10°. 
ii. Site S2 (SH641544) Juncus into Molinia dominated moorland 
This transect was at 325m close to the pipeline from Llyn Llydaw. The 
slope was quite flat at 3° and the site had a south easterly aspect. It was 
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PLATE 5.7 Part of site D5 
The Pteridium fronds provide a sharp contrast to the Nardus dominated 
grassland community, and a clear boundary is presented. 
PLATE 5.8 Part of site S I 
The mixed grassland becomes invaded by bracken, 
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characterised by a valley bog Juncus community and a Molinia grassland 
community. The Juncus provided a sharp contrast to the Molinia, as 
evidenced in Plates 5.9a and b. 
ili. Site S3 (SH641547) Agrostis grassland into Nardus grassland 
This transect was established between two grassland communities, and is 
illustrated in Plate 5.10. The transect lay next to Llyn Terryn and 
represented an area much disturbed by past activities. The poor coarse 
grazing provided by the Nardus grassland formed a typical community of 
the wider Snowdonia area. This site was at a height of 380m, the average 
slope was 4° and it had a south easterly aspect. 
iv. Site S 4 (SH639546) Nardus into Eriophorum valley bog 
The bog communities are very characteristic of this part of the National 
Park. The transect is illustrated in Plate 5.11 which shows part of the 
marshy valley close to Llyn Terryn. This site was at a height of 385m, 
wi th a slope of 11° and a north westerly aspect. 
5.3.3 North York Moors sites 
The vegetation for this location was dominated by heather moorland. Mosaics 
of associated communities were present, particularly on the valley sides (where 
bracken was a vigorous invader) and in the valley bottoms where grassland 
communities existed. Plate 5.12 shows the aerial photograph for this location. 
This clearly demonstrates the dominance of heather wi th the burning patterns 
evident. 
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PLATE 5.9a Part of site S2 - facing north west 
The transition from the Molinia into the Juncus community is illustrated here. 
The pipeline from Llyn Llydaw, feeding the hydro electric power station in the 
valley, is close by. 
PLATE 5.9b Part of site S2 - facing south east 
The mosaic of vegetation could reflect different management techniques, 
possibly burning. 
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PLATE 5.10 Site S3 
This transect was quite small and sampled the change from the Agrostis 
community into the Nardus community. The transition is clearly evident in this 
photograph 
PLATE 5.11 Part of site S4 
The rich diversity of the wetter communities is clearly evident in the 
photograph of this site. 
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o 
PLATE 5.12 Aerial photograph of the North York Moors sites 
(reproduced wi th kind permission of the Countryside Commission) 
i. Site N1 (SE855953) Calluna into Juncus 
The transition sampled at this site was between the heather moorland into 
the wet Juncus dominated community. This site was adjacent to the 
A169, at an altitude of 238m wi th a slope of 3° and a north easterly 
aspect. A distinct transitional area exists, as illustrated in Plate 5.13. 
11. Site N2 (SE841938) Festuca/Agrostis grassland into Vaccinium heath 
This site was located in one of the valley areas within the Hole of Horcum 
and as such represents a ' fr inge' area. Here the change from the 
Festuca/Agrostis domination into the Vaccinium dominated heath is clearly 
evidenced, as shown in Plate 5.14, The site had an easterly aspect, an 
average slope of 4° and was at a height of 220m. 
iii. Site N3 (SE839941) heather cut-line 
This was unique in that it did not sample a transition between two 
communities, but it focused on change fol lowing disturbance. Here a 
swathe of heather had been cut and baled (see Plate 5.1 5). The site was 
on the edge of the moorland plateau at a height of 270m, it had a northerly 
aspect and a 3° slope. 
iv. Site N4 (SE846943) Pteridium into Calluna 
Bracken invasion was in greatest evidence on the valley sides and off the 
heather dominated plateau. This boundary is emphasised by the visual 
contrast provided, but detailed description should determine howsharp this 
transitional actually is. Plate 5.16 shows this transition, here the height 
was 230m wi th a north westerly aspect and a general slope of 8°. 
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PLATE 5.13 Part of site N1 
The transition between the Calluna and the Juncus appears to be marked by 
a band of Molinia hummocks. 
PLATE 5.14 Site N2 
On the slopes of a valley in the Hole Horcum the bracken is clearly evident. 
The transition sampled here between the grassland into the Vaccinium heath 
is quite distinct. 
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PLATE 5.15 Part of site N3 
This transect did not sample a community change, but focused on the impacts 
of cutt ing and baling, as illustrated in this photograph. 
PLATE 5.16 Part of site N4 
This transect provided an excellent example of a heather into bracken 
boundary. 
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V . Site I\I5 (SE848945) Calluna into Nardus grassland 
The transect established here sampled between a heather dominated 
community and a Nardus dominated grassland. Although Nardus 
communities are not very widespread in the North York Moors generally, 
they represent important upland community types. The site is illustrated 
in Plate 5.17. Here the altitude is 210m, the slope was recorded at 4° and 
it had a south easterly aspect. 
vi. Site N6 (SE847941) Calluna burn lines 
This site represents the second unusual one to be sampled in the North 
York Moors. It is an area of different growth stages of heather. Plate 5,18 
clearly illustrates the sharp visual boundaries presented. The intention was 
to sample these in more detail to see what the quantitative data might 
reveal in terms of boundary characteristics. This site had a minor slope of 
1°, it was facing south east and was on the plateau at a height of 260m. 
5.3.4 Barra sites 
Possible locations were determined using the remotely sensed imagery and field 
reconnaissance led to an area below Ben Tangaval (which rises to 333m) being 
selected for the extended sampling data collection. This location provided an 
excellent range of community types over a few kilometres. Marram and 
machair communities have been included here, although they are not upland 
communities. However they are found adjacent to upland communities and 
therefore their transitional areas were of interest and thus sampled. 
Plate 5.19 provides a general impression of this general area. It illustrates the 
variety of the vegetation near Tangasdale. This also demonstrates why marram 
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PLATE 5.17 Site N5 
Although the transition between the heather and Nardus grassland can be 
seen, patches of Juncus were also evident at this site. 
PLATE 5.18 Site N6 
A second unusual site was provided here which sampled between different 
aged stands of heather, reflecting different burning events. 
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PLATE 5.19 The varied vegetation of the Barra sites 
and machair have been Included, they enable the vegetation to be sampled 
from sea to mountain, in this fourth location. 
1. Site B1 (NF642003) Ammophila into machair 
The site represents the first community adjacent to the sea dominated by 
Ammophila arenaria. This grades into the machair and a distinct transition 
was evident as illustrated in Plate 5.20. The site was just above sea level, 
but below 10m, it had a south facing aspect and a slope of approximately 
T. 
ii. Site B2 (NF641005) heath grassland into machair 
The distinctive feature of this site was the belt of Iris between the heath 
grassland and the machair. This zone appeared to form the transitional 
area and was therefore sampled on this basis. The site was at 
approximately 10m, with a north easterly aspect and a slight slope reaching 
3° at its maximum. Plate 5.21 illustrates this site. 
iii. Site B3 (NF641004) machair into valley bog 
The third transect established sampled the transition between machair and 
a valley bog, near Loch na Doirlinn, as illustrated in Plate 5.22. The slope 
was 12" at its maximum and the site was flat in the boggy areas, wi th a 
southerly aspect. 
iv. Site 84 (NL640998) Calluna dominated moorland into Molinia 
dominated moorland 
At this site a wall marked the boundary between the two moorland 
communities, as shown in Plate 5.23. Not evident from the photograph 
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PLATE 5.20 Site B1 
The marram provides a stark contrast to the machair at this t ransect . 
Particularly noticeable is the fact that the marram is relatively homogeneous 
PLATE 5.21 Part of site B2 
T h e belt of Iris marks the proposed transition at this t ransect establ ished 
between the heath grassland (in the foreground) into the machair community . 
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PLATE 5.22 Site B3 
Th is transect exhibits the diversity of vegetation types found within the wider 
area at this location. 
PLATE 5.23 Part of site B4 
The transect included a wall wh ich appeared to mark the transition between 
the heather dominated community into the Molinia dominated community . 
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however, is the stream which runs along the wall which could also be 
influential on both the transitional area and the two plant communities 
sampled. The height of this site was about 20m, it was predominantly 
north west facing, wi th a slope between 4° and 1 
V . Site B5 (NF637002) heather moorland into heath grassland 
Here a change from heather into a Molinia mix grassland was depicted (see 
Plate 5.24). Although the transition from Calluna dominance to Molinia 
dominance was clearly evident from a distance, once the transect was 
established the demarcation was less distinct. The site was at 
approximately 50m altitude wi th an easterly aspect and a slope which 
ranged between 9° and 22°. 
vi. Site B6 (NF636003) Calluna moorland into Festuca/Agrost/s grassland 
The transition from heather moorland into the grassland can be seen in 
Plate 5.25. The heather tended to form as hummocks and as the transition 
down the slope occurred the Festuca grassland gained dominance. Here 
the altitude was 50m, the site was south facing and the slope was 
recorded between 4° and 22°. 
vii. Site B7 (NF639001) grassy heath into Eriophorum bog 
This site was undoubtedly the most complex sampled for all the study 
areas. It displayed the greatest diversity of all the sites and part of this 
diversity is captured in Plate 5.26. The transect was diff icult to 
characterise but the main communities appeared to be the grassy heath and 
the Eriophorum dominated bog community. The site was predominantly 
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PLATE 5.24 Site B5 
Although a slight change in community structure is evident in the photograph, 
the boundary w a s not very distinct. This typified a common exper ience, where 
a boundary observed at a d istance, became less obvious at c lose quarters. 
PLATE 5.25 Site B6 
The heather hummocks were identified as one community , grading into the 
Festuca/Agrostis grassland. 
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PLATE 5.26 Part of site 87 
Th is t ransect w a s particularly extensive and included a complex arrangement 
of vegetation, as indicated in the photograph. 
PLATE 5.27 Site B8 
A fence provides the human boundary at this site and the vegetation changed 
from the machair community into a wetter valley bog community . 
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south west facing, wi th slopes ranging between 0** and 16" at a general 
height of 35nn. 
viii. Site B8 (NF642003) machair into valley bog 
This site returns to the machair community and was established across a 
fence line. The transition from the machair to the valley bog was sampled 
using contiguous quadrats. The height of this site was less than 10m and 
it was relatively flat. Plate 5.27 records this site. 
5.3.5 Floristic variability 
The 23 sites outlined above covered a range of upland community types. The 
number of x , / transects established in each location was a reflection of the 
variability of the vegetation within these selected areas. As comprehensive a 
range as possible of different community types was sampled. Equally valuable 
were the inclusion of a few unusual transitions, particularly those in the North 
York Moors which clearly reflected different management regimes. Table 5.3 
summarises the information for all the sites sampled. 
The vegetation has been described in somewhat simplistic terms. However, 
to clarify the communities more clearly, attempts were made to match these 
to the National Vegetation Classification (NVC) categories proposed by Rodwell 
(1991a, 1991b, 1992). 
5.4 National Vegetation Classification (NVC) in the uplands 
The aim of the National Vegetation Classification (NVC) was to create a more 
rigid framework for vegetation classification than had been offered previously. 
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T r a n s e c t / 
Grid Reference 
Description Transec t 
S ize 
No of 
Quadrats 
Boundary 
D1 S X 5 6 3 9 0 2 Molinia moorland into 
Agrostis moorland 
30m X 45m 17 clear 
boundary 
02 S X 5 6 2 8 9 9 Nardus/Molinia grassland into 
Molinia/Eriophorum moorland 
25m X 30m 23 clear 
boundary 
D3 S X 5 6 5 8 9 6 Pteridium into grassy heath 20m X 30m 17 sharp 
boundary 
D4 S X 5 5 9 8 9 8 Dry grassy heath into wet 
grassy heath 
20m X 30m 18 sharp 
boundary 
D5 S X 5 6 1 8 9 2 Pteridium into Nardus/ 
Agrostis grassland 
20m X 30m 20 sharp 
boundary 
S I SH643546 
Pteridium into grassy heath 
15m X 20m 18 sharp 
boundary 
S2 SH641544 Juncus into wet grassy heath 15m X 30m 24 clear 
boundary 
S3 SH641547 Agrostis into grassy heath 5m X 12m 12 gradual 
S4 SH639546 Coarse grassy heath into wet 
flush [Eriophorum bog) 
30m X 40m 20 clear 
N1 S E 8 5 5 9 5 3 
Dry heath into wet heath 
20m X 30m 20 sharp 
N2 S E 8 4 1 9 3 8 Agrostis into shrubby heath 
(Vaccinium] 
1 5m X 20m 14 sharp 
N3 SE839941 Heather moorland with burn 
lines 
15m X 35m 12 mosaics 
N4 S E 8 4 1 9 4 2 Pteridium into heather 
moorland 
1 5m X 30m 18 sharp 
N5 S E 8 4 8 9 4 5 Dry shrubby heath into 
wetter grassy heath 
15m X 30m 15 distinct 
N6 SE847941 Heather moorland with 
mosaic of burns 
10m X 10m 8 distinct 
B1 NF642003 Marram into machair 
grassland 
20m X 40m 24 sharp 
B2 NF641005 Iris/machair into moorland 
vegetation 
35m X 45m 44 sharp 
B3 NF641004 Machair into valley bog 20m X 40m 43 sharp 
B4 NL640998 Shrubby heath into grassy 
heath, across a wall 
20m X 40m 25 wall 
boundary 
B5 NF637002 Shnjbby heath into grassy 
heath 
30m X 25m 16 clear 
86 NF636003 Shrubby heath into grassy 
heath 
10m X 1 5m 10 gradual 
B7 NF639001 Grassy heath into wet flush 
{Eriophorum bog) 
60m X 60m 40 mosaics 
B8 NF642003 Machair across fence tine into 
wet grassy heath 
5m X 10m 6 contiguous fence 
TABLE 5.3 Extended sampling - site summaries 
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It provides comprehensive coverage of all community types in Great Britain 
(excluding Northern Ireland). 
For the British Isles there are 81 upland vegetation communities recognised in 
the NVC (Ratcliffe & Thompson, 1988). These can be further sub-divided into 
10 woodland communities, 1 5 heath communities, 29 bog communities and 27 
grass or sedge dominated communities (Thompson era / . , 1995c). 
To produce the NVC's, homogenous stands of vegetation were sampled, 
although notes were made of mosaics and transitions. For the classifications 
to be replicated samples of 2m x 2m or 4m x 4m were required; 1m x 1m 
quadrats were deemed inappropriate for the classification. However within this 
current research samples of 1m x 1m have been used, therefore it is unlikely 
that the communities sampled would be adequately represented in the National 
Vegetation Classifications. Equally important is the fact that this research 
concentrates on transitional areas and whilst transitional areas are 
acknowledged in the NVC's only some of these form actual categories within 
the overall classification. As a result many communities sampled may not fit 
accurately into an NVC category, although it is possible to determine a 'best 
f i t ' scenario using a variety of computer programmes such as TABLEFIT (Hill, 
1993). 
An attempt has been made to indicate the NVCs of the communities sampled 
and the findings for each of the study areas are summarised in Tables 5.4 to 
5.7. Examples of the NVC's can be found in more detail In Appendix I. 
The NVC's provide a valuable standardised classificatory system for describing 
plant communities within the British Isles. However the limitations of applying 
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S I T E N V C N V C types 
D1 I V I 2 5 - U 3 Molinia caerulea-PoteniWa erecta mire 
into 
Agrostis curtisii grassland 
D2 U 3 / U 5 d - IVI25/M15 Agrostis curtisii grassland / Nardus stricta-
Galium saxatile grassland 
into 
Molinia caerulea-Potentilla erecta mire / Scirpus 
cespitosus-Erica tetralix wet heath 
D3 U 2 0 - IV125 Pteridium aquilinum-Galium saxatile 
into 
Molinia caerulea-Potentilla erecta mire 
D 4 U 3 / U 4 - M I S / U S Agrostis curtisii grassland / Festuca ovina-
Agrostis capillaris Galium saxatile grassland 
into 
Scirpus cespitosus-Erica tetralix wet heath / 
Nardus stricta-Galium saxatile grassland 
D 5 U 2 0 - U 5 d Pteridium aquilinum-Galium saxatile 
into 
Nardus stricta-Galium saxatile grassland 
TABLE 5.4 Dartmoor Sites - NVCs 
S I T E N V C N V C types 
S I U 4 / U 5 - U 2 0 Festuca ovina-Agrostis capillaris-Galium saxatile 
1 Nardus stricta-Galium saxatile grassland 
into 
Pteridium aquilinum-Galium saxatile 
8 2 IVI23 M 2 5 Juncus effusus/acutifloruS'Galium palustre rush 
pasture 
into 
Molinia caerulea-Potentilla erecta mire 
S 3 U1 - U 5 Festuca ovina-Agrostis capillaris-Rumex 
acetosella grassland 
into 
Nardus stricta-Galium saxatile grassland 
S 4 U 5 - [VI3/IVI21 Nardus stricta-Galium saxatile grassland 
into 
Eriphorum angustifolium bog pool / narthecium 
ossifragum-Sphagnum papillosum valley mire 
lABL_E_5_5 Snowdonia Sites - NVCs 
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S I T E N V C N V C types 
N1 H 9 - * IVI23 Calluna vulgaris-Erica cinerea heath 
into 
Juncus efiusus/acutUlorus-Galium palustre rush 
pasture 
N 2 U 4 - H 1 8 Festuca ovina-Agrostis capillans-Galium saxatile 
grassland 
into 
Vaccinium myriillus-Deschampsia flexuosa 
heath 
N3 H I - H9 Calluna vulgaris-Festuca ovina heath 
into 
Cafluna vulgaris-Erica cinerea heath 
N4 U 2 0 - H9 Pteridium aquilinum-Galium saxatile 
into 
Calluna vulgaris-Erica cinerea heath 
N5 H12/H1 - U 5 Calluna vulgaris-Vaccinium myrtillus heath / 
Calluna vulgaris-Festuca ovina heath 
into 
Nardus stricta-Galium saxatile grassland 
N6 H I - H9 Calluna vulgaris-Festuca ovina heath 
into 
Calluna vulgaris-Erica cinerea heath 
TABLE 5.6 North York Moors Sites - NVCs 
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S I T E N V C N V C types 
B1 S D 6 S D 8 Ammophila arenaria 
into 
Festuca rubra-Galium verum 
B 2 IVIC9 - S D 8 Festuca rubra-Holcus lanatus 
into 
Festuca rubra-Galium verum 
B 3 IVIC9 - IVi25 Festuca rubra-Holcus lanatus 
into 
Molinia caerulea-Potentil/a erecta mire 
8 4 I V 1 1 5 - I V I 2 5 Scirpus cespitosus-Erica tetralix wet heath 
into 
Molinia caerulea-Potentilla erecta mire 
8 5 H 1 0 - U 4 / I V I 1 5 Calluna vulgaris-Erica cinerea heath 
into 
Festuca ovina-Agrosiis capillaris-Galium saxatile 
grassland / Scirpus cespitosus-Erica tetralix wet 
heath 
8 6 H7 - U 4 Calluna vulgaris-Scilla verna heath 
Into 
Festuca ovina-Agrostis capillaris-Galium saxatile 
grassland 
8 7 I V I 1 5 / H 1 0 - I V I 1 Scirpus cespitosus-Erica tetralix wet heath / 
Calluna vulgaris-Erica cinerea heath 
into 
Sphagnum auriculatum bog pool community 
8 8 S D 8 - U 4 Festuca rubra-Galium verum 
into 
Festuca ovina-Agrostis capillaris-Galium saxatile 
grassland 
TABLE 5.7 Barra Sites - NVCs 
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the NVC's to the research reported here are recognised, particularly as this 
research focuses specifically on variability as opposed to homogeneity. 
5.5 Chapter summary 
The 23 sites represent the extended sampling within this study and resulted in 
464 quadrats. The floristic data have been matched to the NVC categories 
where possible, but to fully describe the vegetation patterns these data require 
further analysis. Chapter 6 describes the methods employed and the results 
from these are presented in chapter 7. 
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CHAPTER 6 
METHODS OF DATA ANALYSIS 
6.1 Introduction 
Sampling methods have been determined and discussed in chapters 4 and 5. 
These explain how the transect approach was adopted wi th a rectangular area 
established at each site. Within the transect, quadrats were subjectively placed 
to reflect the variability within the vegetation. This enabled the nature of the 
plant communities to be fully sampled and provided a detailed description of 
their structure across a range of different transitional areas. Thus the aim of 
the data analysis was to investigate the nature of each transitional area 
sampled. 
Boundary types were rarely identified as an ecotone or an ecocline as often the 
transition fell somewhere between the two. Additionally, categorisation could 
be further complicated by the presence of mosaics which could be a regular 
feature within the transect. Therefore the methods of data analysis needed to 
allow alt characteristics to be revealed. Once these 'signatures' had been 
established at each site, it should be possible to ascribe the transitional areas 
at each location. 
Therefore the data analysis methods should:-
a. determine, where possible, the dominant boundary type; and 
b. Indicate the contribution each boundary type made, where more 
than one boundary characteristic was evident. 
Odum (1971) identified a number of features which could characterise an 
ecotone (transitional area) including:-
i. a transition consisting of species only common to itself. 
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i i. a transition consisting of species common to itself and species from 
community A. 
iii. a transition consisting of species common to itself and species from 
community B. 
iv. a transition consisting of species common to itself and species from 
both community A and B. 
These ideas are important because they demonstrate how the transitional areas 
may be characterised. The methods of data analysis selected should allow the 
boundary types to be identified; they should also expose something about the 
relationships between the vegetation sampled. 
6.2 Characterisation of transitional areas 
It was apparent that different types of information would be required to 
characterise transitional areas. As no previous work into the floristic 
characterisation of transitional areas at the community and sub-community 
level existed, it was necessary to explore a range of methods to apply to the 
data collected. 
6.2.1 Simulated data set 
Due to the fact that this research focused on transitional areas as opposed to 
plant communities, it was necessary to apply a set of known data to the 
methods of analysis to test the patterns emerging. For these purposes Gauch's 
(1977) simulated coenocline data were used. These comprised a simulated 
community gradient - an ecocline. 
The data were created using a computer program (Cornell Ecology Program 
CEP-1) from a model which had species in a Gaussian distribution along a 
gradient. For the study reported here, these were re-sorted to create a perfect 
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ecocllne, achieved by re-ordering the quadrat numbers from the TWINSPAN 
(two-way Indicator species analysis) output to run sequentially from 1 - 24 (see 
Appendix II). 
The problem of using field data alone has been acknowledged (Causton, 1988) 
and the reason for including simulated data In this research was to provide a 
data set of a known pattern which could be used In conjunction wi th the 
collected field Information. The Intention was to apply the simulated data, 
where appropriate, to the selected methods of analysis In order to generate the 
resultant patterns. From that would fol low proposed theoretical limits for the 
different boundary types. 
6.2.2 Techniques 
The methods for data analysis were therefore separated into two categories; 
qualitative techniques and quantitative techniques. The qualitative approaches 
were simply the Interpretations of the vegetation maps which recorded field 
observations. The quantitative techniques involved the use of existing methods 
(eg dis/simllarity coefficients) and the creation of new approaches. The 
quantitative methods clearly dominated this research, but the qualitative 
techniques also played an important, supportive role. 
6.3 Qualitative field mapping 
Transect mapping aimed to locate each community within the bounded transect 
and to record observed differences within the vegetation. The quadrat mapping 
focused on the finer detail within the sampled vegetation. Their role was to 
provide supplementary evidence to assist wi th an Interpretation of the patterns 
identified by the quantitative methods. 
2 0 2 
This element of the research could be regarded as the ' informal ' or subjective 
representation of the data and supports the contention that description of 
anything cannot, and probably should not, be exclusively quantitative but 
should include some degree of selectivity or value judgement (Harvey, 1973). 
The subjective sampling approach was designed to ensure that all variability 
within the vegetation could be identified and described. The field mapping 
would support this and part of the analysis would be the interpretation of these 
mapped field observations. 
The mapping enabled a development of the spatial dimension to be added to 
the research. Each transect could be identified by x,y co-ordinates and this 
allowed the floristic variation to be identified within each area. The transect 
and quadrat mapping complemented one another in that they recorded 
information at the community and sub-community scales. Site selection was 
carried out at the community scale and sampling occurred at the sub-
community scale. Moving between scales could reduce or enhance the 
resolution of the patterns displayed, therefore this mapping element enabled a 
focus to be retained. 
The rectangular transect at each site was normally placed with the greatest 
length (normally ' y ' distance) corresponding to the direction of change from 
one community through the transitional area to the next plant community. The 
sequence of quadrat numbering was particularly important at the analysis stage 
and consequently the numbering fol lowed the direction of change. Therefore 
the orientation and numbering of quadrats was recorded for each transect (for 
later reference if required). 
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It remained unclear at this stage whe the r the or ien ta t ion of the t ransec t w a s 
impor tan t and w h e t h e r the data analysis w o u l d be a f f ec ted by th is . Further 
cons idera t ion of t ransec t or ien ta t ion m igh t be requ i red. 
The maps cou ld be in terpreted on the basis of f lor is t ic change. As these 
re f lec ted the observed var iab i l i ty , then it f o l l ows tha t the locat ion and number 
of quadra t samples w o u l d be in f luenced by th is i n fo rma t ion . Hence the 
t ransect map w o u l d de termine the decis ions regard ing the number and locat ion 
of samples made w i t h i n each t ransect . Comb ined , these t w o maps w o u l d 
enable some in ferences regard ing the nature of the vege ta t i on to be made . The 
t ransect maps w o u l d be used init ial ly to prov ide an ind icat ion of bo th the 
nature and ex ten t of the t rans i t ional area. Figure 6.1 prov ides an ind icat ion of 
the ant ic ipa ted pat terns for each boundary t ype . 
6.3.1 Variability Index 
It w a s clear tha t the number of samples establ ished at each site w o u l d ref lect 
the var iabi l i ty d isp layed by the vege ta t i on . There fore a var iabi l i ty index w a s 
dev ised , based on the length (y d istance) of the t ransec t and the to ta l number 
of quadra ts . As the focus of th is w o r k w a s on the t rans i t ional area, it w a s 
ant ic ipa ted tha t si tes w o u l d be se lected w h e r e t w o d is t inc t plant commun i t i es 
were present . This mean t tha t each t ransect w o u l d possess three clear zones, 
of va ry ing p ropor t ions : - i) c o m m u n i t y ' A ' , ii) the t rans i t ional area, and iii) 
c o m m u n i t y ' B ' . This in fo rmat ion w a s inc luded in a var iabi l i ty index w h i c h aided 
de te rmina t ion of the nature of the vege ta t ion at each s i te . 
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a. Ecotone b. Mosaic c. Ecocline 
FIGURE 6.1 Anticipated patterns for boundary types from the transect mapping 
Var iabi l i ty index = at H - Sn) 
3 
where it = length of transect (usually 'y' distance) 
Sn = no of samples 
In the data used in this s tudy the benef i t of d iv id ing by three enabled an 
index to be created w i t h values b e t w e e n 0 and 1 . Indices w i t h upper and 
lower l imits are more easily in terpreted (Caus ton , 1 9 8 8 ) . High values 
ind ica ted l o w var iabi l i ty w i t h i n the t ransec t ; l o w values ind ica ted h igh 
var iabi l i ty ie the closer to 0 , the more d iverse the vege ta t i on ; the closer to 
1 , the more homogeneous the vege ta t ion ( w h i c h cou ld also indicate l o w 
mosa ics ) . 
6.4 Quantitative techniques 
M e t h o d s of quant i ta t i ve data analysis mus t comp lemen t the sampl ing s t ra tegy 
adop ted and mus t address the ' pu rpose ' of the inves t iga t ion . There fore the 
quant i ta t i ve data analysis shou ld enable each boundary type to be examined 
ob jec t ive ly . The quant i ta t i ve techn iques adop ted ranged f r o m ex is t ing me thods 
for f lor is t ic analysis to n e w methods devised speci f ica l ly for th is research. 
Sh imwe l l (1971) had sugges ted that three proper t ies cou ld be de tec ted in 
spat ial pa t te rns : - i) f o r m ; ii) size; and iii) border t ype . In this research form 
w o u l d relate to the nature of the vege ta t i on , and the need to de termine tha t 
t w o plant commun i t i es had been sampled ; size w o u l d relate to the area under 
inves t iga t ion , the t ransec t ; and border type w o u l d relate to the t rans i t ional 
area. 
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Ini t ial ly, s tandard me thods of phy tosoc io logy we re appl ied to summar ise the 
data on d i f fe ren t t rans i t ional t ypes . These inc luded coe f f i c ien ts of s imi lar i ty 
and d iss imi lar i ty to explore the assoc ia t ions w i t h i n the vege ta t ion and hence 
ident i fy the sampled plant commun i t i es . M e t h o d s of c lass i f icat ion and 
ord ina t ion (TWINSPAN and DECORANA (det rended cor respondence analysis)) 
we re adop ted to ' c lass i f y ' quadrats in to d i f fe ren t g roup ings and to ' l o ca te ' the 
t rans i t ional area. Add i t iona l ly , n e w me thods we re p roposed w h i c h a t t emp ted 
to focus on the boundary charac ter is t ics . These inc luded real d is tance , a 
T W I N S P A N index, species rep lacement , species r ichness and species rat io . 
These techn iques are descr ibed be low . 
For the ma jo r i t y of me thods the ou tpu t took the f o rm of a graph and a half 
mat r i x . These enabled the data to be exp lored bo th in te rms of the 
re la t ionships of ad jacent quadrats d o w n the t ransec t and also the inter-
re la t ionships b e t w e e n all samples . The T W I N S P A N ou tpu t w a s in the f o rm of 
a t w o - w a y tab le , and the DECORANA ou tpu t w a s a quadra t ord inat ion plot and 
a species ord ina t ion p lo t . 
Pat terns w e r e establ ished for eco tone , mosaic and ecocl ine boundar ies . Figure 
6 .2 presents th is mode l . 
6.4.1 Dis/similarity coefficients and real distance 
The te rms homogeneous and he terogeneous are c o m m o n l y used to descr ibe 
the nature of the vege ta t i on . Dut i l leul and Legendre (1993) sugges t tha t 
homogene i t y s imply means similar and heterogene i ty means dissimi lar. 
There fore measures w h i c h determine s imi lar i ty and diss imi lar i ty w o u l d be h igh ly 
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METHOD TRANSITIONAL TYPE 
i. Euclidean 
distance 
ii. Czekanowski's 
coeff icient 
i i i. TWINSPAN 
output 
iv. Species 
Replacement/ 
turnover 
V. Species 
Richness 
vi. Species Ratio 
ECOTONE 
a 
MOSAIC 
b 
ECOCLINE 
c 
h:gh 
low 
high 
low 
AA/k 
high 
low 
Quadrat to quadrat Quadrat to quadrat Quadrat to quadrat 
Quadrat to quadroi 
Quadrat number 
Quadrat to quadrat 
Quadrat number 
V 
\ 
Quadrat to quadrat 
Quadrat number 
f7\ 
VALUES 
Species Replacement Species Replacement Species Replacement 
high high 
low 
Quadrat number 
high 
low 
Quadrat number Quadrat number 
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A 
C 
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< < 
Quadrat number Quadrat number Quadrat number 
FIGURE 6.2 Theoretical limits for methods of data analysis 
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sui ted to th is research and w o u l d comp lemen t the f ie ld observa t ions and 
mapp ing . 
Dis/s imi lar i ty coe f f i c ien ts measure the degree of ma tch ing of species 
compos i t i on be tween quadra ts . These prov ide c lar i f ica t ion tha t t w o 
commun i t i es have been sampled and indicate whe re the change f r om one 
c o m m u n i t y to the nex t occu r red . 
In the pi lot s tudies (chapter 4) bo th Czekanowsk i ' s coe f f i c ien t and Eucl idean 
d is tance had been used. Czekanowsk i ' s s imi lar i ty coe f f i c ien t had been ut i l ised 
in the ORDIFLEX p rogramme to determine d iss imi lar i ty . Eucl idean d is tance had 
been ca lcu la ted in the mov ing-sp l i t w i n d o w techn ique . The m o v i n g spl i t 
w i n d o w w a s not appropr ia te for the analysis of the ex tended samp l ing , as the 
data are non -con t i nuous . Howeve r , Eucl idean d is tance and Czekanowsk i ' s 
coe f f i c ien t we re incorpora ted as bo th dissimi lar i ty and s imi lar i ty measures cou ld 
be usefu l . Squared Eucl idean d is tance Is used to Ident i fy d iss imi lar i ty and n o w 
Czekanowsk i ' s coe f f i c ien t Is used for s imi lar i ty . Real d is tance has been 
ca lcu la ted to comp lemen t these measures . 
6.4.1.1 Squared Euclidean distance - dissimilarity coefficient 
Eucl idean d is tance Is a measure of d iss imi lar i ty based on d is tance in 
mathemat i ca l space, de te rmined using Py thagoras ' t heo rem. The lower the 
va lue , the more similar the vege ta t ion s tands are and the nearer they are to 
each o ther . 
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Euclidean d is tance (Sokal , 1961) is ca lcu la ted as f o l l o w s : 
jk = [ £ (Xij - Xik )2 
i-1 
where n = no. of species 
Xij = abundance of species i in stand j 
Xik = abundance of species i in stand k 
A prob lem w i t h this me thod relates to the fac t tha t there is no f ixed upper l imi t , 
there fore it is d i f f i cu l t to determine h o w different quadra ts actual ly are. Whi ls t 
s imi lar i ty can be ident i f ied , d issimi lar i ty canno t be accurate ly assessed. 
Howeve r , t h rough exp lora t ion of the range of values p resented , the degree of 
d iss imi lar i ty overal l shou ld be revealed. The d i f fe ren t t ransi t ional types migh t 
d isplay the fo l l ow ing t rends: -
ECOTONE MOSAICS ECOCLINE 
Quadrats belonging to each 
plant community will 
display similarity. At the 
boundaries quadrats will 
display dissimilarity. 
A varied and alternating 
pattern reflecting both 
dissimilarity and similarity 
would be anticipated. 
Consistently low values 
would be anticipated with 
notable differences across 
the transitional area. These 
would not necessarily be 
high, but display slight 
differences to the trends on 
either side. 
Figure 6 .2 (i) I l lustrates the ant ic ipated changes f rom quadra t to quadra t for the 
three boundary t ypes , 
6 . 4 . 1 . 2 Czekanowski 's similarity coefficient 
Czekanowsk i ' s (1913) coe f f i c ien t is a measure of s imi lar i ty , whe re values of 
0 Indicate comple te dissimi lar i ty and a value of 1 ind icates comple te s imi lar i ty . 
One of the benef i ts of th is coe f f i c ien t Is tha t whe re species are absent In bo th 
quadrats they are ignored. If Inc luded then the coe f f i c ien t cou ld be a f f ec ted . 
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part icu lar ly w h e r e there are large numbers of absences in quadra ts . This w a s 
impor tan t in si tes w i t h a h igh to ta l number of spec ies. 
For each t ransi t ional t ype d i f fe rent associat ions w o u l d be ant ic ipated: 
ECOTONE MOSAICS ECOCLINE 
The plant communities will 
be characterised by either 
high similarity (where the 
vegetation is homogeneous) 
or by high dissimilarity 
(where the vegetation 
displays heterogeneity). At 
the junction high 
dissimilarity would be 
anticipated. 
For a mosaic boundary a 
high degree of variability 
would be expressed across 
the transect. It would not 
be anticipated that quadrats 
would display similarity 
from one quadrat to the 
next; however, in the half 
matrix this could occur -
indicating that the 'patches' 
repeat themselves across 
the transect. 
Mosaics could mask 
ecotonal and/or ecoclinal 
traits. 
Here consistently high 
similarity would be 
anticipated. However, 
consistent dissimilarity 
would also be a possibility. 
The characteristic feature 
would be gradual changes 
rather than abrupt 
differences between 
quadrats. 
Figure 6 .2 (ii) i l lustrates the ant ic ipated changes f r om quadra t to quadra t for 
the three boundary t ypes . 
6 .4 .1 .3 Real distance 
As squared Eucl idean d is tance w a s based on ma themat i ca l d is tance, it w a s 
dec ided tha t real d is tance data m igh t also prov ide usefu l i n fo rma t ion . Here the 
actual d is tance be tween each quadra t w a s ca lcu la ted and presented as bo th 
half mat r ices and graphical ly for ad jacent quadra ts . Where l o w d is tances we re 
recorded b e t w e e n quadrats it w a s ant ic ipated tha t the var iabi l i ty in the 
vege ta t ion w a s h igh . Where the t rend w a s of cons is ten t l y greater d is tances 
be tween quadra ts the var iabi l i ty w a s l o w . For the d i f fe ren t boundary types the 
f o l l ow ing t rends we re an t i c ipa ted : -
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ECOTONE IVIOSAICS ECOCLINE 
The quadrats in each 
community would be 
spaced according to the 
degree of variability. It was 
assumed that at the 
boundary a few quadrats 
would appear to be closer 
together to indicate the 
ecotonal (sharp) boundary. 
There would be no clear 
pattern displayed here. 
However, overall the 
distance between quadrats 
would be low indicating 
high variability In the 
vegetation. 
The degree of variability in 
the vegetation would 
determine the spacing but 
the pattern across the 
boundary would not display 
any noticeable differences 
to the rest of the transect. 
Theoret ica l l imits we re no t cons idered to be necessary for th is m e t h o d . Real 
d is tance data we re inc luded to prov ide addi t ional ev idence to comp lemen t the 
measures of d issimi lar i ty and s imi lar i ty . 
6.4 .2 Methods of classification and ordination 
Techn iques of c lass i f icat ion and ord inat ion have been w ide l y used in vege ta t ion 
analysis and prov ide value In reduc ing and s imp l i f y ing o f ten comp lex data sets . 
The t w o techn iques are comp lemen ta ry . Classi f icat ion enables s imi lar i ty of 
species to be cons idered and ident i f ies c lus ter ing w i t h i n a set of samples . 
Ord inat ion w i l l demons t ra te the var ia t ion In samples t h rough order ing processes 
(Noy-Meir & van der Maare l , 1 9 8 7 ) . T w o compu te r p rogrammes we re used for 
these purposes . For c lass i f ica t ion, T W I N S P A N (Hil l , 1 9 7 9 a ) , and for o rd ina t ion , 
DECORANA (Hil l , 1 9 7 9 b ; Hill & Gauch , 1 9 8 0 ) . 
6.4.2.1 TWINSPAN (Hill, 1979a) 
TWINSPAN w a s used in the pi lot s tudy (see sec t ion 4 . 2 . 3 (ii i)). The scale for 
species abundance w a s : -
absent 
I - 2 % 
3 - 5 % 
6 - 1 0 % 
I I - 2 0 % 
2 1 - 5 0 % 
over 5 0 % 
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Category 1 is impor tan t , bu t s o m e w h a t con fus ing , because even if a species 
occurs on ly once in a quadrat it is sti l l awa rded a percentage of 1 to indicate 
its p resence; but 2 % is used if it occurs more than once , a l though the species 
may no t s t r ic t ly cover 2 % of the quadrat area. The other cho ices are more 
s t r a i g h t f o r w a r d , w i t h over 5 0 % represent ing the f inal ' c u t - o f f and thus 
ind icat ing species dominance . 
The aim w a s to c lass i fy (and ident i fy) the t w o commun i t i es samp led and to 
observe w h e r e the t ransi t ional area occu r red . Mosa ics cou ld also be 
h igh l igh ted by th is techn ique . Init ial in terpre ta t ion w a s based on the resu l tant 
t w o - w a y tab le , w h i c h indicates group ings of species d o w n the r ight hand side 
of the o u t p u t , and quadrats across the b o t t o m of the ou tpu t . 
The f o l l ow ing pat terns we re ant ic ipated for each t rans i t iona l t ype (see Figure 
6 .2 (i i i)):-
ECOTONE MOSAICS ECOCLINE 
Two distinct blocks would 
exist, one in the top left 
hand side, the other in the 
bottom right hand side. 
The order of quadrats may 
not necessarily run 
sequentially but the 
groupings should indicate 
plant community 
membership. 
No distinct trend or pattern 
would exist in the ordering 
of the quadrats. 
A general trend from left to 
right would exist. In the 
absence of mosaics the 
ordering would reflect the 
sampling order across the 
transect, and hence run 
sequentially. 
The t w o - w a y tables w i l l therefore prov ide a usefu l ind ica t ion of the nature and 
he terogene i ty of the vege ta t ion w i t h i n each t ransec t . 
a. An index of ordering of samples across the transitional area 
The T W I N S P A N data we re fur ther deve loped t h rough the c reat ion of an 
order ing index in w h i c h the degree of spat ial he te rogene i ty in the vege ta t i on 
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across each t ransec t area w a s ca lcu la ted . Tak ing the order ing of quadra ts f r om 
the pr imary ord inat ion In T W I N S P A N , adjacent quadra t numbers were 
sub t rac ted f r om each other . The to ta l f igure w a s d iv ided by the number of 
quadrats in each t ransect , minus 1 . Site D1 prov ides an example : -
SITE D1:-
Quadrat order 
1 4 1 5 1 6 1 2 1 3 1 7 7 8 9 1 0 1 3 5 6 2 4 1 1 = 51/16 
Index = 3.2 
It w a s p roposed tha t values be low 1 w o u l d indicate a per fec t ecoc l ine , whe re 
samples occur In the sequence samp led . Values b e t w e e n 1 and 2 w o u l d Imply 
a per fec t eco tone . Whi ls t values over 2 w o u l d Indicate var iabi l i ty In the 
vege ta t i on , and hence mosa ics . Clearly mosa ics w o u l d comp l i ca te the 
pa t te rns , bu t the Ideas presented are usefu l and wi l l be incorpora ted in the 
resul ts . 
6 .4 .2 .2 D E C O R A N A (Hill, 1979b; Hill & G a u c h , 1980) 
Ordinat ion m e t h o d s prov ide a usefu l Indicat ion of the nature of the vege ta t ion 
at a g iven s i te . Ord inat ion of vege ta t ion alone is k n o w n as Indirect grad ient 
analysis w h i c h assists In de tec t ing the shape and sharpness of coenoc l lnes 
(gradients) (Wi ld i & Or loc i , 1 9 8 7 ) . Indirect gradient analysis Is va luable in tha t 
no prior hypo thes is Is required and therefore in terpre ta t ion of the resul ts can 
be based on in fo rmal know ledge . This approach enables the a t ten t ion to focus 
on var ia t ion w i t h i n the vege ta t ion c o m m u n i t y , w i t h o u t Incorpora t ing 
env i ronmenta l var iables w h i c h cou ld Inf luence the f ind ings (ter Break & 
Prent ice, 1 9 8 8 ) . There fore ord inat ion me thods have a s ign i f icant role to play 
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in the f inal analys is , part icular ly whe re there is h igh var iabi l i ty in the vege ta t i on , 
and there are comp lex under ly ing env i ronmenta l /b io t i c g rad ients . 
Reciprocal Ave rag ing is a m e t h o d of indi rect grad ient o rd ina t ion , w h e r e samples 
are prescr ibed we igh ted va lues. A l t h o u g h w ide ly used there are t w o 
recogn ised prob lems associated w i t h this m e t h o d namely the arch e f fec t and 
the con t rac t i on of end po in ts . DECORANA w a s deve loped by Hill ( 1979b ) to 
ove rcome these. In the resul tant ou tpu t the d is tance be tween each po in t , 
w h i c h m a y be quadra ts or spec ies, is a measure of s imi lar i ty or d i f f e rence . For 
quadra t o rd ina t ion the in terpreta t ion may be assisted by super impos ing 
env i ronmenta l data on each po in t . For species ord ina t ion the p lots w i l l ind icate 
h o w simi lar t hey are in terms of d is t r ibu t ion w i t h i n quadra ts . T w o or more 
species at one point indicates that they have the same abundance w i t h i n the 
same quadra t . The d is tance b e t w e e n samples on the plot p rov ides an 
ind icat ion of the s imi lar i ty be tween quadra ts . Once quadra t o rd ina t ion is 
comp le te it may be possible to ident i fy the under ly ing env i ronmenta l g rad ients . 
Species o rd ina t ion may assist w i t h p lant c o m m u n i t y iden t i f i ca t ion , if necessary . 
A l t h o u g h no theoret ica l l imits cou ld be p roposed for th is t echn ique , the 
f o l l ow ing pat terns w o u l d be ant ic ipated f r om the ou tpu t us ing DECORANA: -
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ECOTONE IVIOSAICS ECOCLINE 
Quadrat ordination - the 
quadrats would fall into two 
groups, although there may 
be a third group containing 
the quadrats from the 
transitional area. A clear 
break would be Identifiable. 
Species ordination - the 
species ordination should 
indicate the different 
communities sampled. This 
should also elucidate 
whether the transitional 
area has species common 
to each community or 
whether the transitional 
area contained species 
unique to this area. 
Quadrat ordination - the 
quadrats would not follow 
any particular pattern. The 
spread may either cover the 
total area of the plot or may 
form clusters. The 
sequence of numbers would 
highlight the presence of 
mosaics. 
Species ordination - here 
species not normally 
associated with one 
another may be located 
close to one another. The 
species would not form 
discrete groups but clusters 
may overlap. 
Quadrat ordination - the 
quadrats would form a 
continuum across the 
ordination plot. It would be 
anticipated that the 
quadrats would follow in 
numerical succession. 
Species ordination - the 
species would illustrate a 
gradation where the 
underlying community 
remained constant. 
6 .4 .3 Spec ies replacement (turnover) 
Species tu rnover relates to the change in compos i t i on and ident i f ies species 
" c o m i n g in and o u t " (Causton, 1 9 8 8 , p21 3 ) . Simi lar i ty measures also prov ide 
an ind icat ion of th is ( th rough the resu l tant va lues) . Howeve r , It w a s dec ided 
tha t it w o u l d be appropr ia te to graphical ly d isplay the ' c h a n g e ' ev idenced 
across each t ransec t to help determine the t rans i t ional t y p e . This approach 
therefore encompasses Ideas f r om s tandard me thods of phy tosoc io logy but has 
been adapted to sui t this research, and In th is con tex t , represents a unique 
approach . 
The f requency of species rep lacement (gain and loss) across the t rans i t iona l 
areas there fore w o u l d prov ide addi t ional ev idence for ca tegor is ing these 
t rans i t ional areas. The actual species w h i c h m igh t be lost or ga ined w a s not 
cons idered re levant here. 
The procedure Invo lved is out l ined be low and Figure 6 .2 (iv) i l lustrates the 
ant ic ipa ted pa t te rns . 
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Species replacement {R): 
II. 
III. 
IV. 
quantitative data were initially converted to qualitative 
data (presence/absence data). 
the number of spec ies in quadrat 1 w a s subtracted from 
the number of spec ies in quadrat 2:-
Hi - ^2 
where a spec ies w a s lost, its value became 1 
(because n, = 1 and nj = 0; 1-0 = 1, 
similarly where a spec ies w a s gained, its value 
became -1 
(n, = 0 and nj = 1, 0-1 = -1) . 
the final stage involved converting all negative to positive 
values and summing these:-
(ai - = d 
2 _ r E d 
Vr = R 
where a = species 
1 & 2 are quadrats 1 & 2 
d = difference 
r - initial replacement value 
R = replacement value 
Species rep lacement w o u l d therefore expose the spat ia l var ia t ion in vege ta t ion 
compos i t i on across the t ransec t area. Commun i t ies ' A ' and ' B ' w o u l d display 
l o w species tu rnover , wh i l s t w i t h i n the t rans i t ional area tu rnover may be more 
var iab le. High rep lacement w o u l d indicate greater d ivers i ty w i t h i n the 
vege ta t ion and simi lar ly l o w rep lacement w o u l d indicate l o w var ia t ion in the 
vege ta t i on compos i t i on . The ant ic ipated pat terns for the d i f fe ren t boundary 
types w o u l d be:-
ECOTONE MOSAICS ECOCLINE 
Consistently high or low 
values within communities 
'A' and 'B ' . A sharp 
differentiation would mark 
the boundary. 
A varied pattern throughout 
the transect would indicate 
a mosaic boundary. 
An ecocline would reflect a 
regular pattern across the 
transect. 
Howeve r the theoret ica l l imits cou ld be reversed for each boundary type 
Therefore the i l lust rat ions presented in 6 .2 (iv) cou ld also be reversed. 
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This m e t h o d represented a n e w techn ique for vege ta t i on analys is . It w a s 
based on ex is t ing ideas and a t t emp ted to explore the var iabi l i ty in the f lor is t ic 
data w i t h i n each t ransect . It w a s comp lemen ta ry to the species r ichness 
m e t h o d presented in sec t ion 6 . 4 . 4 . 
6 .4 .4 Spec ies r ichness 
Species r ichness and species d ivers i ty are o f ten con fused (Kent & Coker, 
1 9 9 2 ) . Divers i ty Incorporates r ichness (number of species) but also inc ludes 
an ind icat ion of abundance (Magur ran , 1 9 8 8 ) . The purpose of th is m e t h o d w a s 
to s imp ly assess the relat ive r ichness f rom quadra t to quadrat . Species 
r ichness in th is con tex t there fore related to the to ta l number of species w i t h i n 
each quadra t . The data we re presented by express ing the to ta l number of 
species In each quadra t as a percentage of the to ta l number of species w i t h i n 
the t ransec t . This w o u l d prov ide an ind icat ion of h o w d i f fe ren t each quadra t 
w a s In relat ion to one another across the t ransec t . 
Trans i t iona l areas b e t w e e n plant commun i t i es are o f t en descr ibed as hav ing a 
higher r ichness than the adjacent commun i t i es (van der Maare l , 1 9 7 6 ; 1 9 8 8 ) . 
This r ichness may compr ise of species f rom each ad jacent p lant c o m m u n i t y , 
in add i t ion to species w h i c h are character is t ic of, and poss ib ly rest r ic ted t o , the 
t rans i t ional area Itself. This f o l l ows O d u m ' s (1971) Ideas. Richness there fore 
may va ry across the t rans i t ional area depend ing on w h e t h e r the species are 
exc lus ive to the t rans i t ional area or are also f ound in the adjacent commun i t i es . 
Presented graphica l ly , this In fo rmat ion shou ld Indicate bo th the nature of each 
c o m m u n i t y and also the nature of the t ransi t ional area. It w o u l d be possible 
to de termine w h e t h e r the commun i t i es and t ransi t ional areas, are species r ich 
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or species poor . Figure 6 .2 (v) i l lustrates the pat terns an t i c ipa ted , w h i c h can 
be summar ised : -
ECOTONE MOSAICS ECOCLINE 
The species may be either 
poor in each community 
and rich in the transitional 
area or rich in each 
community and poor in the 
transitional area. Each 
showing a marked change. 
Consistently high, low or 
intermediate values would 
be anticipated. The key 
feature will be relative 
consistency (although 
fluctuations may occur). 
The species may be either 
poor in each community 
and rich in the transitional 
area or rich in each 
community and poor In the 
transitional area. Each 
showing a sharp or slight 
change, but lasting for the 
number of quadrats which 
mark the boundary. 
To help decipher the graphs a f ive- fo ld c lass i f icat ion w a s c rea ted . The 
percentage species r ichness w a s categor ised to infer var iab i l i ty . The groups 
we re : -
0 - 2 0 % = l o w var iabi l i ty (/) 
21 - 4 0 % = l o w to modera te var iab i l i ty U-m] 
41 - 6 0 % = modera te var iabi l i ty im) 
61 - 8 0 % = modera te to h igh var iabi l i ty {m-h) 
81 - 1 0 0 % = h igh var iabi l i ty (/?) 
These group ings we re p roposed to s impl i fy the data and 2 0 % bands appeared 
to prov ide conven ien t separat ions. 
Add i t iona l l y , a quadra t to species index w a s ca lcu la ted , where the number of 
quadra ts w a s d iv ided by the to ta l number of spec ies , for each t ransec t . This 
p rov ided a fu r ther measure of var iab i l i ty . Va lues be low 1 w o u l d ind icate 
relat ively h igh var ie ty ; values above 1 w o u l d infer homogene i t y . 
These ideas may also be of va lue in de termin ing ' A ' , ' B ' and ' C spec ies ; w h e r e 
' A ' and ' B ' species be long to the respect ive plant commun i t i e s , and ' C species 
are those unique to the t ransi t ional area. Once de te rmined it w o u l d be 
benef ic ia l to categor ise species to assess if species we re exc lus ive to each area 
219 
or if they are c o m m o n th roughou t . This w a s deve loped in the species rat io 
da ta , d iscussed in sec t ion 6 . 4 . 5 . 
6 . 4 .5 Spec ies ratio 
The purpose of estab l ish ing the species rat ios w i t h i n each t ransec t w a s to 
examine the progress ion f r om one c o m m u n i t y to the nex t and to exp lore the 
nature of the boundary . This w a s carr ied ou t us ing a s imple ' A ' , ' B ' , ' C 
separat ion across the t ransect to h igh l ight the in ter face b e t w e e n each 
c o m m u n i t y . 
This mode of data exp lora t ion had a t w o - f o l d purpose . First to ensure tha t t w o 
commun i t i es had actual ly been sampled at each si te and , second ly to determine 
the nature of the boundary . 
The approach separated all the species into ' A ' , ' B ' or ' C ca tegor ies . ' A ' 
species w e r e those f o u n d exc lus ive ly in the quadra ts at the beg inn ing of the 
t ransec t . ' B ' species we re f ound exc lus ive ly in quadra ts at the end of the 
t ransec t . ' C species we re those w h i c h we re ei ther absent or present in bo th 
ends of the t ransec t . 
The t ransec t size var ied f r om site to site and w a s de te rmined by the 
vege ta t i on , and in part icular the ex ten t of the t rans i t iona l area. The t w o ends 
of the t ransec t w e r e p laced we l l w i t h i n the t w o commun i t i es samp led . For the 
purpose of an ' A ' , ' B ' , ' C separat ion 2 5 % of the to ta l number of quadra ts at 
ei ther end we re taken to prov ide a good representa t ion of the character is t ics 
of each par t icu lar c o m m u n i t y samp led . This lef t the m id 5 0 % of the t ransec t 
to represent the t rans i t iona l area. Designat ion to a class w a s based pure ly on 
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the presence of a spec ies; abundance data we re ignored . Figure 6 .3 i l lustrates 
th is p rocedure . 
SPECIES COVER CATEGORY 
1 
Q1 
+ 
Q2 
+ 
Q3 Q4 Q5 Q6 Q7 Q8 
A 
2 - - - - - + + B 
3 - - + + + C 
4 + + - + - - + C 
FIGURE 6 .3 Determinat ion of ' A ' . 'B\ species 
The creat ion of th is three- fo ld c lass i f icat ion p rov ided an ind icat ion of the 
nature of the boundary for each t ransect . Figure 6 .2 (vi) i l lustrates the 
ant ic ipa ted pat terns w h i c h are descr ibed be low: -
ECOTONE MOSAICS ECOCLINE 
An abrupt change from 'A' 
to 'B' species with high 
proportions for each. The 
percentage of ' C species 
would depend on the width 
of the transition belt, but it 
was anticipated that the 
values would be relatively 
low. 
Typified by a highly variable 
pattern. 
Whilst 'A' and '8' may 
dominate either end of the 
graph the characteristic 
feature would be the 
varying proportions of all 
three groups across the 
transect. 
A gradual change from 'A' 
through ' C to 'B ' species. 
The proportions of groups 
'A' and 'B' may be similar, 
with ' C species dominating 
the graph. 
Whi ls t th is w o u l d fo rm an impor tan t s tage in estab l ish ing the init ial impress ions 
of the nature of the vege ta t ion at each s i te, the l imi ta t ions lie in the s impl is t ic 
g roup ings into ' A ' , ' B ' and 'C ca tegor ies . It w a s possib le that fu r ther sub-
div is ions ex is ted w i t h i n each group (Figure 6 .4 ) . 
This techn ique prov ided a usefu l me thod speci f ica l ly des igned to explore the 
character is t ics of the t rans i t ional areas and represents an impor tan t 
deve lopment w i t h i n th is research. 
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FIGURE 6.4 A. B. C. species ratio may be too simplif ied, in reality more 
combinat ions could exist. 
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6.5 Chapter summary 
The m e t h o d s of data analysis have been se lected and devised to ident i fy the 
change in f lor ls t ic compos i t i on across each t ransect . The rat ionale for each 
m e t h o d has been presented in each respect ive sec t i on . The m e t h o d s ref lect 
a deve lopmen t of ideas s tar t ing w i t h s imple measures of s imi lar i ty / d iss imi lar i ty 
to iden t i f y the change across the t ransect . They end up w i t h more speci f ic 
descr ip tors of tha t change in terms of species membersh ip to each of the three 
ident i f iab le zones. 
The f ie ld maps actual ly record the observed changes across the t ransec t : and 
there fore prov ide valuable suppor t i ve i n fo rmat ion . 
Coef f i c ien ts of d is /s imi lar i ty have been se lected for t w o reasons. First ly to 
de termine the associat ions w i t h i n the vege ta t ion in an a t t emp t to place the 
vege ta t i on in to ident i f iable plant commun i t i es ; and second ly to iden t i f y w h e r e 
marked d i f fe rences w i t h i n the vegeta t iona l compos i t i on occu r red . 
The comp lemen ta ry techn iques of c lass i f icat ion and ord inat ion wi l l be used to 
summar ise the data enabl ing g roup ings to be ident i f ied , and thus exp la ined. 
Class i f icat ion enables similar quadrats and species to be g rouped together and 
ord ina t ion demons t ra tes the degree of internal var iabi l i ty w i t h i n each t ransec t . 
N e w m e t h o d s inc lude species rep lacement , species r ichness and species ra t ios . 
Whi ls t these techn iques a t tempt to focus more speci f ica l ly on boundary 
charac ter is t i cs , they also aim to ex t rac t i n fo rmat ion on species re lat ionships 
across the t ransec t . 
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The comb ina t i on of the s tandard techn iques and the n e w m e t h o d s w i l l enable 
the f lor is t ic var iabi l i ty to be ident i f ied . Used in con junc t i on w i t h one another 
they represent e f fec t i ve ind icators of change. 
The m e t h o d s descr ibed here w e r e appl ied to all si tes sampled and the resul ts 
are presented and d iscussed in chapter 7. 
224 
CHAPTER 7 
RESULTS AND DISCUSSION 
7.1 Introduction 
The series of me thods d iscussed in chapter 6 a imed to : -
i. ensure tha t t w o plant commun i t i es had been samp led , 
i i . p rov ide an ind icat ion of the ex ten t (w id th ) of each bounda ry , and 
i i i . character ise each boundary type as an eco tone , or ecoc l ine, wh i l s t at 
the same t ime acknow ledge the role of mosa ics . 
There are t w o componen ts to th is chapter , focus ing on the qual i ta t ive mapp ing 
and the quant i ta t i ve techn iques of data analysis. These e lements are presented 
separate ly be low , w i t h the quant i ta t i ve e lements f o rm ing the larger par t . The 
resul ts are arrar iged on a locat ion basis in a sou th to nor th sequencer-
Dar tmoor , S n o w d o n i a , Nor th York Moors and Barra. W h e n taken in iso la t ion, 
the respect ive me thods of analysis only prov ide part ial i n fo rma t ion . It is on ly 
w h e n all the c o m p o n e n t s f r om the indiv idual me thods are syn thes ised tha t the 
aims can be fu l ly ach ieved and the major t rends Ident i f ied w i t h i n each t ransec t . 
This syn thes is is presented in the f o rm of f inal s u m m a r y tables for each 
locat ion (sect ion 7 .4 ) . 
In al l , 2 3 si tes and 4 6 4 quadra ts we re sampled . Howeve r , for s impl ic i ty and 
cons is tency si te D 1 , f r om Dar tmoor , is used to exemp l i f y h o w the resul ts we re 
in te rpre ted . Using the resul ts a mode l wi l l be presented t o character ise the 
t rans i t ional t ypes samp led . 
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7.2 Results of field mapping - t ransec t and quadrat maps 
The f ield data we re recorded as t ransect and quadra t maps for each si te and 
can be used to suppor t the resul ts f r om the quant i ta t i ve me thods of analys is . 
Transect and quadrats maps have been presented separate ly , as comb ined 
in fo rmat ion w o u l d be too con fused . Once the maps had been created and 
in terpreted the in fo rmat ion w a s summar ised in tables to indicate the c o m m u n i t y 
t ypes samp led ; the number of samples taken ; boundary i n fo rma t ion : na ture , 
ex ten t (w id th ) and t ype ; plus the var iabi l i ty index descr ibed in 6 . 3 . 1 . There fore , 
three key e lements to the boundary in fo rmat ion arose f r om the mapp ing : -
i. the nature of the boundary : sharp, distinct or gradual; 
i i . the ex ten t of the boundary : wide, narrow or acute (w i th the actua l 
d is tance in brackets where possib le) ; 
i i i . the t ype of boundary observed , whe re T = eco tone ; C = ecocl ine 
and Wl = mosa ics . (The type w a s ident i f ied us ing single let ters or 
comb ina t ions of all th ree, in order of impor tance ; a co lon ind icated a 
minor role.) 
The f ie ld maps for site D1 prov ide examples (see Figures 7.1 and 7 .2 ) , the 
remainder are presented in Append ix III. The in terpre ta t ions of the indiv idual 
f ield maps , focus ing on the above-ment ioned a ims, are summar ised in Tables 
7.1 to 7 .4 be low . 
A n ex t rac t f r om Table 7,1 is presented be low to i l lustrate the summary 
in fo rmat ion der ived f r om the maps and to indicate h o w the in terpre ta t ion w a s 
ach ieved. 
SITE Transect 
Size 
Community 
Type 
No of 
Samples 
Boundary 
Information 
Variability 
Index 
D1 30m X 45m Molinia into 
Agrost/s 
grassland 
1 7 quadrats i. distinct 
ii. wide (13m) 
iii. T:M 
0.90 
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45m 
Figure 7.1 T r a n s e c t Map - Site D1 (SX563902) 
Key 
Agrostis spp 
Bare rock 
Juncus spp 
Molinia caerulea 
Molinia hummock 
Vaccinium myrtillus 
Transect size 30m x 45m 
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Figure 7.2 Quadrat Map - Site D1 (SX563902) 
Transect size: 30m x 45m 
45m 
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Site D1 w a s a 3 0 m x 4 5 m t ransec t w i t h a Molinia domina ted grassland 
{ commun i t y ' A ' ) in to an Agrostis domina ted grassland ( commun i t y ' B ' ) . 17 
samples w e r e taken across the t ransec t . The boundary observed w a s d is t inc t 
w i t h a clear edge be tween the dominance of Molinia and the dominance of 
Agrostis h o w e v e r some subt le in tergrad ing of these w a s de tec ted . 
The t ransec t map (Figure 7.1) clearly re f lec ted the change in dominance f rom 
the IVIolinia grass land to the Agrostis grass land w i t h l i t t le var iabi l i ty w i t h i n each 
c o m m u n i t y . The quadra t mapp ing (Figure 7.2) i l lust rated the var iabi l i ty w i t h i n 
the samples and w a s useful in de te rmin ing the nature of the boundary . The 
change occur red across quadrats 8 and 9 but the ex ten t of the change d o w n 
the t ransec t w a s more gradual w i t h bo th dominan t species {Moiinia and 
Agrostis) occur r ing in quadrats 6 and 13 , some 1 3 m apart (y d is tance) . This 
resul ted in the t rans i t ional area ex tend ing to some 1 3 m (of the overal l 4 5 m 
length of the t ransec t ) . The type of t rans i t ion w a s there fore t rans la ted as 
p redominan t l y an eco tone w i t h mosa ics (T:M) and the ex ten t impl ied tha t the 
t rans i t ional area had species c o m m o n to the adjacent commun i t i es . The 
var iabi l i ty index w a s ca lcu la ted as 0 .9 . This re in forced tha t the vege ta t i on w a s 
reasonably homogeneous w i t h very l o w mosa ic ing . 
From the maps it w a s apparent tha t a l though a change in dominance w a s 
clearly obse rved , w h e n sampled the ex ten t of the t ransi t ional area w a s more 
ex tens ive than or ig inal ly p resumed f r om the init ial f ie ld observa t ions . W h e n the 
line of demarca t ion w a s super imposed on the quadra t map it w a s apparent tha t 
quadra t 6 fell we l l w i t h i n c o m m u n i t y ' A ' and simi lar ly quadra t 13 w i t h i n 
c o m m u n i t y ' B ' . Mak ing d i rect re ference to O d u m ' s (1971 ) def in i t ion of the 
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t rans i t iona l area (his ecotone) the boundary type w a s in terpre ted as hav ing 
species c o m m o n to itself and species c o m m o n to the ad jacent p lant 
commun i t i e s . 
Al l s i tes w e r e t reated in th is w a y and Tables 7.1 to 7 .4 present the 
in terpre ta t ions of the t ransect and quadrat maps . 
i. Dartmoor 
The si tes se lected on Dar tmoor we re p redominan t l y grass land 
commun i t i es w i t h bracken invas ions. These w e r e typ ica l of the general 
area inves t iga ted . V isual ly , the boundar ies we re relat ively sharp in all 
t ransects and each d isp layed some var iab i l i ty . This is re in forced by bo th 
the number of samples taken across each si te ( w h i c h ranged b e t w e e n 
1 7 to 23) and by the va lues for the var iabi l i ty index ( 0 . 9 0 to 0 . 4 3 ) . The 
f ie ld maps for the 5 t ransects sampled on Dar tmoor , across a 2 k m x 
2 k m area revealed the in fo rmat ion presented in Table 7 . 1 . 
ii. Snowdonia 
The area sampled in Snowdon ia w a s pr imar i ly poor grass land w i t h some 
in te rm i t ten t w e t f lush areas. Therefore the t ransects se lected all 
inc luded grass land commun i t i es . Four t ransects w e r e establ ished w i t h i n 
the Snowdon ia site and the results f r om the f ie ld mapp ing are presented 
in Table 7 .2 . 
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SITE Transect 
Size 
Community 
Type 
No of 
Samples 
Boundary 
Information 
Variability 
Index 
D1 30m X 45m Molinia into 
Agrostis 
grassland 
17 quadrats i. distinct 
ii. wide (13m) 
iii. T:M 
0.90 
D2 25m X 30m Nardus/Agrostis 
into l\/lolinia 
grassland 
23 quadrats i. distinct 
ii. wide (11m) 
iii. T:M 
0.43 
D3 20m X 30m Bracken into 
l\Aolinia 
grassland 
18 quadrats i. sharp 
ii. narrow (3-6m) 
iii. T 
0.56 
D4 20m X 30m Agrostis 
grassland into 
Molinia 
grassland 
18 quadrats i. distinct 
ii. narrow (4m) 
iii. T/C:M 
0.56 
D5 20m X 30m Bracken into 
Nardus 
grassland 
20 quadrats i. sharp 
ii. narrow (4-9m) 
iii. T/C:M 
0.50 
TABLE 7.1 Dar tmoor - qual i ta t ive f ield mapp ing 
SITE Transect 
Size 
Community 
Type 
No of 
Samples 
Boundary 
Information 
Variability 
Index 
S I 15m X 20m Bracken into 
Nardus/Festuca 
grassland 
18 quadrats i. distinct 
ii. acute (unclear) 
iii. T:M 
0.36 
S 2 1 5m X 30m Juncus into 
Molinia 
grassland 
24 quadrats i. sharp 
ii. acute (unclear) 
iii. T:M 
0.43 
S 3 5m X 12m Agrostis into 
Nardus 
grassland 
12 quadrats i. distinct 
ii. narrow (2m) 
iii. T/C:M 
0.33 
S4 30m X 40m Nardus into 
Eriophorum 
20 quadrats i. gradual 
ii. wide (20m) 
iii. C:M 
0.66 
TABLE 7.2 Snowdon ia - Qualitative f ield mapp ing 
iii. North York Moors 
The Nor th York Moors t ransects we re domina ted by heather w i t h 
marg ina l grassland commun i t i es . The boundary types sampled clearly 
re f lec ted the managemen t pract ices (part icular ly burning) and also the 
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invas ion of b racken . The summary in fo rmat ion for the six t ransec ts 
made w i t h i n th is se lected area are d isp layed in Table 7 .3 . 
SITE Transect 
Size 
Community 
Type 
No of 
Samples 
Boundary 
Information 
Variability 
Index 
N1 20m X 30m Heather into 
Juncus 
20 quadrats i. distinct 
ii. narrow (5m) 
iii. T:M 
0.50 
N2 1 5m X 20m Festuca/Agrostis 
grassland into 
Vaccinium 
14 quadrats i. distinct 
ii. acute (unclear) 
iii. T:M 
0.46 
N3 1 5m X 35m Heather cutline 
(not a 
community 
change) 
12 quadrats i. sharp 
ii. acute (unclear) 
iii. T 
0.96 
N4 1 5m X 30m Bracken into 
heather 
18 quadrats i. sharp 
ii. narrow (3m) 
iii. T 
0.56 
N5 15m X 30m Heather into 
Nardus 
grassland 
15 quadrats i. sharp 
ii. narrow (2m) 
iii. T:M 
0.70 
N6 10m X 1 0 m heather burn 
lines (same 
community) 
8 quadrats i. sharp 
ii. acute (unclear) 
iii. T:M 
0.43 
TABLE 7.3 Nor th York Moo rs - qual i ta t ive f ie ld mapp ing 
iv. Barra 
Overal l the var iabi l i ty of th is area w a s greater than for the other 
loca t ions . Thus the t ransects here were more var ied and a w ide r range 
of c o m m u n i t y t ypes we re inc luded. Eight t ransec ts we re set up w i t h i n 
the se lected area on Barra, the in fo rmat ion der ived f r om the f ie ld 
mapp ing is presented in Table 7 .4 . 
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SITE Transect 
Size 
Community 
Type 
No of 
Samples 
Boundary 
Information 
Variability 
Index 
B1 20m X 40m Marram into 
grassland 
24 quadrats i. distinct 
ii. narrovt/ (Sm) 
iii. T:M 
0.56 
B2 35m X 45m Moorland 
through Juncus 
into machair 
44 quadrats i. distinct 
ii. wide (5-18m) 
iii. T:M 
0.33 
B3 20m X 40m Machair/lris into 
valley bog 
43 quadrats i. distinct 
ii. wide (10-17m) 
iii. C/T:M 
0.30 
84 20m X 40m Heather moor-
land into Molinia 
moorland 
25 quadrats i. sharp 
ii. acute (unclear) 
iii. T:M 
0.53 
85 30m X 25m Heather moor-
land into grass 
moorland 
16 quadrats i. distinct 
ii. acute (unclear) 
iii. T:M 
0.63 
86 10m X 1 5m Heather moor-
land into 
Festuca/A grost/s 
grassland 
10 quadrats i. distinct 
ii. narrow (unclear) 
iii. T/C:M 
0.50 
87 60m X 60m Eriophorum bog 
into grass heath 
40 quadrats i. gradual 
ii. wide (unclear) 
iii. M 
0.50 
88 5m X 10m Machair into 
valley bog 
6 contiguous 
quadrats 
i. sharp 
ii. acute (unclear) 
iii. T:M 
0.56 
TABLE 7.4 Barra - Qual i tat ive f ie ld maop ina 
7.2.1 Discussion - qualitative mapping 
The qual i ta t ive mapp ing enabled the visual impress ion of each t ransec t to be 
charac te r ised . They p rov ided considerable in fo rmat ion about the d ivers i ty of 
the vege ta t ion in t w o w a y s . First ly, the m e t h o d i l lus t ra ted h o w the biased 
sampl ing s t ra tegy adop ted suppor ted the observed d i f fe rences w i t h i n the 
vege ta t i on . Second ly , the locat ion of the samples d o w n the t ransec t p rov ided 
an ind icat ion of whe re greater d ivers i ty (heterogenei ty) occu r red . There fore the 
t w o d imens iona l pro jec t ions enabled heterogene i ty and/or homogene i t y to be 
inferred w i t h o u t reference to the quant i ta t i ve data . 
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The aim of the t ransect mapp ing w a s to ident i fy , segregate and record the 
major changes in vege ta t i on . The resul ts f rom this approach were qui te var ied . 
Some of the t ransect maps were qui te s t ra i gh t f o rwa rd and clearly i l lustrate a 
s imple change f r o m c o m m u n i t y ' A ' t h rough the t rans i t iona l area (of va ry ing 
w id ths ) to c o m m u n i t y ' B ' . Howeve r , wh i l s t clear t rans i t ions be tween the t w o 
adjacent p lant commun i t i es could be easily ident i f ied in s i tes D 1 , D2 , D4 , D5 , 
S I , S3 , N 1 , N2 , N3 , B 1 , B5, B6 and B8; many si tes w e r e far more comp l i ca ted 
than the init ial s imple change , D3 , S2 , S4 , N4 , N5 , N6 , B2 , B3 and B4. 
The quadra t mapp ing enabled a greater level of detai l to be cons idered by 
' zooming d o w n ' to the sub -commun i t y level and focus ing on the d i f fe rences 
d isp layed w i t h i n each quadrat . A l t hough in fu tu re research th is degree of 
resolut ion may be regarded as unnecessary , w i t h i n the s tudy descr ibed here 
this level of mapp ing served several purposes: -
i. it enabled the var iabi l i ty w i t h i n each c o m m u n i t y and the t rans i t ional 
area to be demons t ra ted v isual ly ; 
i i . it suppor ted the sampl ing s t ra tegy adop ted and ind icated tha t 
samples were located whe re d i f fe rences in the vege ta t ion had been 
de tec ted ; 
i i i . it also prov ided an ind icat ion of the nature of the t ransi t ional area -
w h e t h e r the species were c o m m o n to f lank ing commun i t i es or 
exc lus ive to the t ransi t ional area i tself. 
Whi ls t a labor ious exerc ise, it appeared to comp lemen t the other qual i ta t ive 
mapp ing we l l and helped to jus t i f y the adop ted sampl ing s t ra tegy . 
From the quadra t mapp ing , easily d iscernible s t r a i gh t f o rwa rd t rans i t ions f r om 
one c o m m u n i t y to the next (w i th d is t inc t t ransi t ional areas) were observed at 
si tes D2 , D3 , N 1 , B 1 , B2 and B3. Sites w h i c h demons t ra ted a clear c o m m u n i t y 
' A ' and c o m m u n i t y ' B ' but no obv ious t ransi t ional area inc luded D 1 , D4 , D5 , 
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S3, N 4 , N 5 , B5 and B8. A t some si tes th is m e t h o d did not demons t ra te a 
d is t inc t change f r om c o m m u n i t y ' A ' to c o m m u n i t y ' B ' , inc lud ing s i tes S4 , N2 , 
N3 and 8 6 , and even more comp l i ca ted boundar ies w e r e ev idenced at s i tes S I , 
S2 , N6 , 8 4 and 8 7 . 
Combin ing the in fo rmat ion f r om the t ransect and quadra t maps it emerged tha t 
t ransect 02, N1 and 81 appeared to be s t r a i gh t f o rwa rd w i t h ident i f iable 
changes , wh i l s t more comp lex t rans i t ions we re represented by t ransec ts S2 , 
N6 and 8 4 . Of part icular interest w a s tha t even w i t h i n the s impl is t ic 
segrega t ion , mosa ics we re f requent l y ev ident . Howeve r , it cou ld be argued 
tha t their p rominence w a s exaggera ted by the use of co lour w i t h i n the m a p ; 
pa tches o f t en s tood ou t w h e r e the co lour con t ras ted sharp ly to their ad jacent 
co lours . 
7 .2 .2 Overview 
The qua l i ta t ive mapp ing represented a un ique approach to vege ta t ion 
descr ip t ion and analysis in tha t the mapp ing e lement is usual ly an end po in t of 
an inves t iga t ion and is rarely carr ied ou t at the beg inn ing of the s tudy . 
Howeve r , as th is part icular research top ic w a s exp lo r ing n e w ' te r r i t o r ies ' , it 
w a s cons idered necessary to ensure tha t records of the vege ta t ion we re 
avai lable at the t ime of quant i ta t i ve analysis and its subsequent in te rp re ta t ion . 
This w a s par t icu lar ly impor tan t as many quan t i ta t i ve techn iques invo lve 
sub jec t ive in terpre ta t ions and this approach w o u l d a l l ow reference to be made 
to the recorded f ie ld da ta . 
Therefore th is c o m p o n e n t of the research w a s in tended to prov ide 
supp lementa ry spat ia l i n fo rmat ion and w a s no t perce ived to be able to o f fe r 
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anything more than a supportive role. In this respect it was regarded as being 
useful but not essential. Overall, the results from this were satisfactory but 
creating the maps was extremely time consuming. 
The value of the variability indices was limited by the fact that they could only 
be interpreted on the basis of each transect. This was not considered to be too 
problematic as the purpose was to provide an indication of variability within 
each transect rather than look at variability on an inter-transect or even inter-
site basis. 
7.3 Results of the quantitative data analysis 
The results of the quantitative techniques of data analysis fol low the sequence 
presented in chapter 6. They are produced as tables summarising the 
interpretations of the output from each method of analysis. All transects for 
individual study areas are incorporated into each table to highlight their spatial 
variations and to enable direct comparisons to be made, transect by transect, 
for respective methods. 
The theoretical limits presented in Chapter 6, Figure 6.2 and sections 6.3.1 to 
6.3.5, outline the anticipated patterns for the different boundary types. Whilst 
it was acknowledged that it was unlikely that extreme forms would be 
exhibited, the intention was to extract the most likely boundary situation from 
the information presented. 
The results are presented in sections 7.3.1 to 7.3.5 respectively. 
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7.3.1 Dis/similarity coefficients and real distance 
7.3.1.1 Squared Euclidean distance 
This method of analysis identified how similar each quadrat {sample) was to 
another, indicated by the values calculated. Lower values reflected similarity, 
higher values dissimilarity. Dissimilarity would provide information on the 
variability of the floristic data and thus indicate the influence of mosaics. One 
diff iculty experienced in the interpretation of this method relates to the fact 
that although 0 reflects complete similarity there is no fixed upper limit and the 
only conclusion that can be reached regarding dissimilarity is that samples are 
dissimilar to one another without any indication of how dissimilar they may be. 
As squared Euclidean distance examines how different the quadrats are in 
relation to one another it was applied to all combinations of quadrats at each 
site producing a half matrix of values. This made it possible to identify whether 
two plant communities had actually been sampled, indicated by high values in 
quadrats furthest apart. For example, in a transect wi th 20 samples quadrats 
1 and 20 should display high dissimilarity to indicate that these constituted 
different communities. From this half matrix, values for adjacent quadrats, 1 
to 2, 2 to 3 and so on, were plotted to graphically illustrate the change down 
each transect. This should enable the transitional area to be observed, via the 
values, wi th greater differences marking the most notable changes. The graphs 
and half matrices for each site were examined and the interpretations from 
these are summarised in Tables 7.5 to 7.9 below. 
An example of how these results were interpreted is given for site D 1 . The 
half matrix and the graph created are presented in Figures 7.3 and 7.4 
respectively. 
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00 
Quadrat 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1 17.1 48.0 15.4 16.1 15.0 104.6 98.1 47.9 25.5 15.5 104.1 103.6 103.2 99.0 101.0 98.5 
2 58.2 10.0 24.6 26.0 118.5 111.5 61.3 37.7 7.7 118.3 117.6 117.5 111.9 114.4 112.3 
3 53.9 40.6 39.9 87.0 80.4 35.3 32.5 57.7 74.5 84.2 77.5 68.4 79.5 75.6 
4 21.7 22.3 112.9 106.0 56.2 33.5 12.1 112.8 112.0 111.9 106.4 108.9 106.8 
5 11.9 100.4 93.8 42.6 21.3 25.2 98.8 100.0 98.2 92.2 96.4 92.8 
6 97.1 90.1 38.3 15.9 26.2 95.0 95.8 94.1 89.3 92.7 89.8 
7 13.6 61.2 86.1 116.9 40.0 19.7 28.0 36.9 22.8 24.8 
8 54.5 79.0 109.9 39.4 19.0 28.6 34.8 20.9 24.3 
9 26.1 60.3 58.6 60.1 57.0 52.8 56.0 53.8 
10 36.8 81.6 84.6 81.5 76.7 80.8 78.1 
11 116.9 115.7 116.0 111.3 113.3 111.1 
12 34.6 15.7 23.9 31.1 31.0 
13 25.6 37.8 23.4 29.3 
14 23.1 22.3 22.6 
15 25.2 25.1 
16 27.0 
17 
FIGURE 7.3 Site D1 - squared Euclidean distance half matrix 
N3 
CO 
Quadrat to quadrat 
FIGURE 7.4 Site D1 - squared Euclidean distance 
Extract from Table 7.5: 
SITE Half Matrix Graph 
D1 This illustrated a general pattern of 
increasing dissimilarity w i th actual distance 
down the transect. The variety in the data 
reflected mosaics. The transition possibly 
occurred between quadrats 7 and 12. 
Range quadrat to quadrat = 12 to 117; 
range across the transect = 8 to 118. 
Within the graph both high and low 
similarity existed between 
quadrats. The transitional area fell 
between quadrats 7 and 12. 
Ecotonal tendencies dominated 
wi th some mosaicing. 
The half nnatrix was examined to consider the overall pattern displayed 
throughout the transect. Low values for all combinations between quadrats 1 
and 6 were observed, and similarly for quadrats 1 3 to 17. These observations 
implied that these two groupings represented communities 'A ' and 'B ' 
respectively. The values in the top right hand corner of the half matrix were 
reasonably high indicating clearly that two different communities had been 
sampled. The mix of values across the half matrix reflected mosaics. 
From the graph three different zones were detected. The first lay between 
quadrats 1 to 6, the second between quadrats 7 to 12 and the third between 
quadrats 13 to 17. An interpretation of this was that quadrats 1 to 6 
represented community 'A ' , and the samples made were quite similar but wi th 
some variability. Quadrats 7 to 12 represented the transitional area and 
displayed the greatest dissimilarity across the transect. Quadrats 13 to 17 
represented community 'B ' where the values were very similar implying more 
homogeneous stands of vegetation within this zone. The conclusion about the 
type of transition related directly to the theoretical limits proposed in the model 
presented in Figure 6.2. It most closely reflected the ecotone, but appeared 
bimodal, thus supporting mosaics also. 
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From these patterns an indication of the variability of the vegetation can be 
obtained and the boundary type identified. Each site was examined in this way 
and the Interpretations summarised in tables 7.5 to 7.9. 
/'. Dartmoor - squared Euclidean distance (Table 7.5) 
These data appear to highlight the influence of mosaics at this location 
in all transects. This particular method did not elucidate the boundary 
type clearly but was valuable in providing information relating to the 
nature of the vegetation across the transects. 
//. Snowdonia - squared Euclidean distance (Table 7.6) 
At this location mosaics often compounded the diff iculty in identifying 
which quadrats belonged exclusively to the transitional area, and thus 
the true extent of the transition. 
///. North York Moors - squared Euclidean distance (Table 7.7) 
Values from this method indicated that the differences between samples 
were high. Mosaics complicated the boundary types and clearly affected 
the interpretations of the data. 
iv. Barra - squared Euclidean distance (Table 7.8) 
The patterns revealed considerable variability at this location wi th 
mosaics in evidence in most transects. 
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SITE Half Matrix Graph 
D1 The half matrix illustrated a general pattern 
of increasing dissimilarity w i th actual 
distance down the transect. The variety in 
the data reflected mosaics. The transition 
possibly occurred between quadrats 6 and 
12. 
Range quadrat to quadrat = 12 to 117; 
range across the transect = 8 to 118. 
V^thin the graph both high and low 
similarity existed between 
quadrats. The transitional area fell 
between quadrats 6 and 1 2. 
Ecotonal tendencies dominated 
wi th some mosaicing. 
02 The transitional area was diff icult to clearly 
identify. It possibly occurred between 
quadrats 8 and 15. Variability existed 
across the transect. The transitional type 
reflected ecotonal tendencies wi th 
mosaicing. 
Range quadrat to quadrat = 23 to 94; 
range across the transect = 19 to 106. 
The transitional area occurred 
between quadrats 8 and 1 5. 
Whilst there was evidence of 
mosaicing ecotonal characteristics 
dominated. 
D3 Overall the half matrix reflected a high 
proportion of dissimilarity between 
quadrats. The transitional area extended 
between quadrats 7 and 12. Community 1 
was diverse, the transitional area mixed, 
whi lst community 2 displayed greater 
homogeneity. 
Range quadrat to quadrat = 20 to 104; 
range across the transect = 19 to 1 3 1 . 
Mosaics were evident w i th the 
transitional area possibly occurring 
between quadrats 6 and 10. 
Therefore the graph inferred 
mosaics complicating an ecoclinal 
boundary. 
D4 Overall high dissimilarity existed. From 
the information presented the transitional 
area was unclear. Mosaics dominated this 
site. 
Range quadrat to quadrat = 22 to 102; 
range across the transect = 21 to 113. 
The transect appeared to be 
mosaic in nature, however the 
transition possibly occurred 
between quadrats 7 and 1 3. 
D5 A mixed pattern existed and although the 
values varied they did not display severe 
changes across the transect favouring 
ecoclinal tendencies wi th mosaics. 
Range quadrat to quadrat = 18 to 72 ; 
range across the transect = 13 to 93 . 
The influence of mosaics were 
clearly demonstrated. The 
transitional area therefore fell 
between quadrats 7 and 13 where 
the greatest similarity exists. 
Ecoclinal tendencies existed and 
the diversity in the vegetation 
supported mosaics. 
TABLE 7.5 Dartmoor - souared Euclidean distance 
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SITE Half Matrix Graph 
S I A mixed pattern wi th increasing 
dissimilarity towards the right hand side of 
the half matrix indicated that two distinct 
communit ies had been sampled. Although 
diff icult to identify the transitional area 
possibly fell between quadrats 7 to 12 at 
its greatest extent. This implied ecoclinal 
tendencies wi th some mosaicrng. 
Range quadrat to quadrat = 10 to 85 ; 
range across the transect = 10 to 125. 
Ecoclinal tendencies dominated 
overall. However, the transect 
was influenced by mosaics, 
particularly in community ' 8 ' . The 
transitional area appeared to 
extend between quadrats 7 and 
12. 
S2 High dissimilarity reflected the mosaic 
nature of the vegetation. The transitional 
area possibly lay between quadrats 7 to 
12, but a mixed pattern was presented. 
Range quadrat to quadrat = 19 to 76 ; 
range across the transect = 19 to 119. 
Mosaics featured strongly wi th the 
transitional area possibly falling 
between quadrats 12 and 16. A 
mixed pattern emerged. The graph 
possibly reflected ecotonal 
tendencies w i th mosaics. 
S3 Two distinct communities had been 
sampled. Dissimilarity dominated wi th the 
transitional area falling between quadrats 4 
and 9. 
Range quadrat to quadrat = 17 to 63 ; 
range across the transect = 17 to 116. 
Here ecotonal tendencies wi th 
mosaics were evidenced. The 
transitional area occurred between 
quadrats 3 and 8. 
S4 Mosaics existed, due to the dominance of 
dissimilarity, but ecotonal tendencies were 
also evident. The transitional area fell 
between quadrats 6 and 13 wi th the 
greatest similarity displayed within the 
transitional area. 
Range quadrat to quadrat = 28 to 107; 
range across the transect = 20 to 1 5 1 . 
The transitional area was diff icult 
to locate f rom the graph, but 
possibly lay between quadrats 6 
and 13. Mosaics dominated 
ecoclinal characteristics. 
TABLE 7.6 Snowdonia - souared Euclidean distance 
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SITE Half Matrix Graph 
N1 Overall high diversity was reflected in the 
half matrix. Whilst t w o communities had 
been sampled mosaics played a substantial 
role here. The transitional area possibly 
extended between quadrats 5 and 10 
reflecting ecotonal characteristics. 
Range quadrat to quadrat = 6 to 105; 
range across the transect = 5 to 144. 
The graph reflected a varied 
pattern across the transect. 
Mosaics were strongly influential, 
compounding the dif f iculty in 
identifying the transitional area, 
although it could fall between 
quadrats 5 and 10. Some ecotonal 
tendencies were evident. 
N2 The structure of the half matrix indicated 
mosaics w i th no clear transitional type. 
The transitional area included quadrats 4 to 
8. 
Range quadrat to quadrat = 13 to 110: 
range across the transect = 13 to 118. 
The graph did not clearly elucidate 
a boundary as mosaics influenced 
the transition type. The 
transitional area possibly occurred 
between quadrats 4 and 8. 
N3 The half matrix supported mosaics, and 
indicated a transition between quadrats 4 
and 7. Range quadrat to quadrat = 17 to 
85 ; range across the transect = 7 to 113. 
An ecocline boundary was inferred, 
but w i th relatively high dissimilarity 
(excluding the last three quadrats). 
The boundary possibly felt between 
quadrats 4 and 7. Mosaics played 
an important role. 
N4 The pattern indicated an ecotone, w i th 
slight mosaicing. The transitional area was 
diff icult to identify, although quadrats 5 to 
9 were a possibility. 
Range quadrat to quadrat = 15 to 1 2 1 ; 
range across the transect = 8 to 137. 
The transition appeared to fall 
between quadrats 5 to 1 1 . 
Mosaics masked the true boundary 
type. 
N5 A gradual change was observed quadrat to 
quadrat w i th the transitional area including 
quadrats 7 and 8. This gradual change 
supported ecoclinal characteristics. 
Range quadrat to quadrat = 22 to 103; 
range across the transect = 14 to 130. 
Ecoclinal characteristics were 
evident f rom the graph. The 
transitional area fell between 
quadrats 6 and 10 wi th the first 
community being more 
homogenous than the second 
community sampled. 
N6 The transition occurred between quadrats 
4 and 5. 
Range quadrat to quadrat = 21 to 96 ; 
range across the transect = 4 to 96. 
The pattern f rom the graph clearly 
reflected ecotonal tendencies, w i th 
a change between quadrats 4 and 
5. 
TABLE 7.7 North York Moors - souared Euclidean distance 
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SITE Half Matrix Graph 
B1 The dissimilaritv and overall variations across 
the matrix implied mosaicing. Community 1 
was more diverse in nature than community 2. 
The transitional area was unclear from the 
pattern presented. 
Range quadrat to quadrat = 14 to 80; range 
across the transect = 14 to 102. 
The strongest signals for this transect 
were mosaics with ecoclinal 
tendencies. The transitional area was 
not very obvious but could fall 
between quadrats 6 and 13. 
B2 The pattern demonstrated by the half matrix 
(high dissimilarity) indicated a mosaic 
dominance. The transitional area was difficult 
to identify and was masked by mosaics. 
Range quadrat to quadrat = 21 to 99: range 
across the transect = 21 to 108. 
Mosaics dominated this transect and 
masked the boundary type. A possible 
transition occurred between quadrats 
15 and 20 or even 1 5 to 25. 
B3 The high dissimilarity reflected mosaics, which 
dominated this transect. The transitional area 
was difficult to locate, but possibly fell between 
quadrats 11 and 34. 
Range quadrat to quadrat = 20 to 119; range 
across the transect = 20 to 137. 
An interesting mix was displayed here. 
Mosaics dominated throughout making 
the extent of the boundary unclear. 
Therefore the boundary type remained 
unclear. 
84 The heterogeneity was reflected in the high 
dissimilarity within the half matrix. The 
boundary was difficult to identify from the half 
matrix. 
Range quadrat to quadrat = 15 to 117; range 
across the transect = 1 5 to 125. 
Great heterogeneity was displayed 
across this transect. The transitional 
area possibly extended between 
quadrats 8 and 1 7. Mosaics confused 
the boundary type although ecoclinal 
tendencies could be suggested (due to 
the extent of the transitional area). 
85 The pattern from the half matrix indicated that 
the transition lay between quadrats 4 to 7. 
Range quadrat to quadrat = 18 to 9 1 ; range 
across the transect = 18 to 109. 
Ecotonal characteristics dominated this 
transect with some mosaicing. The 
transitional area fell between quadrats 
4 and 9. 
86 No clear transitional type identifiable from the 
half matrix (the number of quadrats was 
probably influential). 
Range quadrat to quadrat = 15 to 71 ; range 
across the transect = 15 to 89. 
The graph supported an ecotone with 
mosaics playing only a minor role. The 
transitional area fell between quadrats 
6 and 7. 
87 The varied range reflected overall high 
dissimilarity across this transect. Mosaics 
dominated the transect and transitional area 
possibly occurred between quadrats 7 and 18. 
Range quadrat to quadrat = 16 to 123; range 
across the transect = 1 5 to 140. 
Mosaics complicated the boundary 
type however ecotonal characteristics 
were evident. The transitional area 
was confused reinforcing the 
complexity of this site. 
88 The half matrix supported an ecocline. The 
quadrats furthest apart in actual distance were 
the most dissimilar, which indicated that the 
two communities were quite different. 
Range quadrat to quadrat = 22 to 33; range 
across the transect = 22 to 50. 
The pattern reflected an ecocline, a 
gradual change. 
TABLE 7.8 Barra - squared Euclidean distance 
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7.3.1.2 Czekanowski's coefficient 
Czekanowskl's Coefficient was calculated for two reasons, firstly because it 
represents an extremely effective measure of similarity in quantitative floristic 
data (Causton, 1988) and secondly the results can be directly compared to the 
findings from the squared Euclidean distance coefficient. The advantage of 
Czekanowski's coefficient over squared Euclidean distance Is that here a value 
of 1 indicates Identical quadrats (samples) and a value of 0 complete 
dissimilarity in species composition. 
The same approach to data exploration used for squared Euclidean distance 
was adopted wi th Czekanowskl's coefficient of similarity. Initially all 
permutations were calculated and from this values for adjacent quadrats down 
the transect were plotted on a graph. 
Czekanowski's coefficient (similarity) therefore calculates the opposite of 
squared Euclidean distance (dissimilarity) however the graphs created will not 
be symmetrical. One reason for this simply relates to the range of values for 
each method, w i th no fixed upper limit to squared Euclidean distance. 
Therefore the results from this method should not only complement the 
squared Euclidean distance data but should also enhance or smooth the 
previous graphs enabling more accurate interpretations to be made about the 
boundary conditions. Figure 6.2 (li) illustrated the anticipated results for each 
boundary type. 
Site D1 provides the exemplar for the interpretations of the half matrices and 
graphs which are illustrated in Figures 7.5 and 7.6. 
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Quadrat 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1 0.8 0.7 0.8 0.8 0.9 0.3 0.3 0.6 0.8 0.8 0.2 0.3 0.3 0.3 0.3 0.3 
2 0.5 0.9 0.7 0.7 0.1 0.2 0.5 0.7 0.9 0.1 0.1 0.1 0.1 0.2 0.1 
3 0.6 0.7 0.7 0.3 0.4 0.7 0.7 0.5 0.5 0.4 0.4 0.4 0.4 0.4 
4 0.7 0.8 0.2 0.2 0.5 0.7 0.9 0.2 0.2 0.2 0.2 0.2 0.2 
5 0.9 0.3 0.3 0.4 0.8 0.7 0.3 0.3 0.3 0.3 0.3 0.3 
6 0.3 0.4 0.7 0.8 0.7 0.3 0.4 0.3 0.3 0.3 0.3 
7 0.9 0.6 0.4 0.1 0.7 0.8 0.8 0.7 0.8 0.8 
8 0.6 0.5 0.2 0.7 0.8 0.8 0.7 0.8 8.0 
9 0.8 0.5 0.6 0.6 0.6 0.6 0.6 0.6 
10 0.7 0.4 0.5 0.5 0.4 0.5 0.4 
11 0.1 0.2 0.1 0.1 0.2 0.1 
12 0.7 0.9 0.8 0.8 0.8 
13 0.8 0-7 0.8 0.8 
14 0.8 0.8 0.8 
15 0.8 0.8 
16 0.8 
17 
FIGURE 7.5 Site D1- Czekanowski's coefficient half matrix 
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FIGURE 7.6 Site D1 - Czekanowski's coefficient 
Below, an extract from Table 7.9 is presented indicating how the half matrices 
and graphs were interpreted:-
SITE Half Matrix Graph 
D1 There was consistently high similarity up to 
quadrat 6, w i th the greatest dissimilarity 
between quadrats 6-7 and quadrats 11-12. 
Range quadrat to quadrat = 0.1 to 0.9; 
range across the transect = 0.1 to 0.9. 
The transitional area appeared to 
tie between quadrats 7 and 12. 
The overall trend reflected high 
similarity. This indicated an 
ecotone wi th low mosaics. 
The half matrix revealed high similarity between all quadrats up to quadrat 6 
and also for all combinations from quadrat 13 up to quadrat 17. This indicated 
that community 'A ' was represented by quadrats 1 to 6, the transitional area 
occurred between quadrats 7 and 12, and community 'B ' was typified by 
quadrats 1 3 to 17, The low values, reflected high dissimilarity, in the top right 
hand corner of the half matrix clearly demonstrated that two different 
communities had been sampled. 
The graph illustrates the similarity quadrat to quadrat across the transect and 
the points of dissimilarity, marked a change between quadrats 6 and 7 and 
quadrats 11 and 12. These findings directly concord wi th the results from 
squared Euclidean distance and the boundary type presented was an ecotone 
wi th low mosaics. 
Each site was treated in this way and the summaries are presented in Tables 
7.9 to 7.12 inclusively. 
/. Dartmoor - Czekanowsk/'s coefficient (Table 7.9) 
The information provided by this method indicated that the influence of 
mosaics often complicated the boundary type at each site. The patterns 
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presented and the range of values calculated support diversity within the 
floristic composition of the vegetation. 
//. Snowdonia - Czekanowski's coefficient (Table 7.10) 
From the results presented the transitional area was not always 
apparent. Whilst it was possible to speculate on which quadrats might 
belong to the transitional area, it was often unclear where the 
transitional began or ended. 
///. North York l\/ioors - Czekanowski's coefficient (Table 7.11) 
This coefficient clearly demonstrated the floristic variability within each 
transect and enabled certain assumptions regarding the plant 
communities to be made. It was possible to suggest a boundary type for 
five of the six transects, however mosaics were also present in most 
transects. 
/V. Barra - Czekanowski's coefficient (Table 7.12) 
This coefficient drew attention to the diversity of the vegetation at this 
location. Mosaics featured in most transects and often masked the true 
boundary type. 
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SITE Half Matrix Graph 
D1 There was consistently high similarity up to 
quadrat 6, w i th the greatest dissimilarity 
between quadrats 6 - 7 and quadrats 11 -
12. 
Range quadrat to quadrat = 0.1 to 0.9; 
range across the transect = 0.1 to 0.9. 
The transitional area appeared to 
lie between quadrats 7 and 12. 
The overall trend reflected high 
similarity. This indicated an 
ecotone wi th low mosaics. 
D2 The transitional area fell between quadrats 
9 and 14 which reflected ecotonal 
tendencies. 
Range quadrat to quadrat = 0.3 to 0.8; 
range across the transect = 0.1 to 0.8. 
The transitional area was diff icult 
to identify although it could fall 
between quadrats 8 and 16. The 
boundary type represented an 
ecocline w i th some mosaicing. 
D3 A gradual change to increasing similarity 
was presented quadrat to quadrat which 
indicated that community 'B ' was more 
homogeneous than community 'A ' . 
Ecoclinal tendencies existed wi th the 
transitional area possibly between quadrats 
7 and 12. 
Range quadrat to quadrat = 0.4 to 0.8; 
range across the transect = 0.1 to 0.9. 
There was no abrupt change in 
values at this site which suppoaed 
an ecocline. The coeff icient 
changed from dissimilar to similar 
which indicated the influence of 
mosaics. Quadrats 6 to 7 
displayed the greatest dissimilarity. 
D4 Mosaics dominated this transect and 
masked the boundary type. However, due 
to the dissimilarity w i th adjacent quadrats 
it was proposed that the transitional area 
extended between quadrats 7 and 13. 
Range quadrat to quadrat = 0.1 to 0.8; 
range across the transect = 0.1 to 0.8. 
The greatest dissimilarity fell 
between quadrats 7 and 13. The 
nature of the boundary was 
complicated by mosaics although 
some possible ecotonal tendencies 
could be detected. 
D5 High similarity across transect. No clear 
difference between communit ies, therefore 
subtle difference existed which favoured 
mosaics and a possible ecocline (gradual 
change). 
Range quadrat to quadrat = 0.4 to 0.8; 
range across the transect - 0.3 to 0.8. 
This transect reflected an ecoclinal 
boundary wi th low mosaicing. 
Overall there was high similarity. 
The true extent of the boundary 
was diff icult to discern, although 
quadrats 7 to 1 3 could be 
significant here. 
TABLE 7.9 Dartmoor - Czekanowski's coefficient 
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SITE Half Matrix Graph 
S1 The transitional area appeared to fall 
between quadrats 7 and 12. Some 
ecotonal characteristics were displayed and 
whilst mosaics were evident they did not 
dominate. 
Range quadrat to quadrat = 0.3 to 0.9; 
range across the transect = 0.0 to 0.9. 
The overall trend indicated high 
similarity across the transect. The 
boundary favoured an ecocline 
whilst the variability supported the 
role of mosaics. The boundary 
possibly fell between quadrats 7 
and 12, with community 'B ' more 
varied than community 'A' . 
S 2 Overall high similarity across the transect 
with some mosaicing evident. The 
transitional area was difficult to identify 
from the pattern presented. 
Range quadrat to quadrat = 0.4 to 0.9; 
range across the transect = 0.2 to 0.9. 
Similarity dominated this transect 
and the pattern indicated 
mosaicing. The transitional area 
could fall between quadrats 10 and 
16. The overall trend favoured an 
ecotone with low mosaicing, 
however some ecoclinal tendencies 
were also present. 
S 3 The similarity from one quadrat to the next 
indicated a gradual change which 
supported an ecocline with mosaics. The 
transitional area was unclear but possibly 
occurred between quadrats 4 and 8. 
Range quadrat to quadrat = 0.6 to 0.9; 
range across the transect = 0.2 to 0.9. 
The nature of the boundary 
reflected the dominance of 
ecoclinal tendencies with low 
mosaicing. The transitional area 
possibly extended between 
quadrats 3 and 8. 
S4 Mosaicing was evident, but the overall 
change from one community to the next 
supported an ecocline. The transitional 
area occurred between quadrats 6 and 13. 
Range quadrat to quadrat = 0.3 to 0.8; 
range across the transect = 0.0 to 0.9. 
The varied pattern across the 
transect supported the influence of 
mosaics. The transitional area 
possibly extended between 
quadrats 7 and 16, but was 
difficult to identify. Thus the 
boundary reflected strong mosaics 
with some ecoctinal tendencies. 
TABLE 7 . 1 0 Snowdonia - Czekanowski's coefficient 
252 
SITE Half Matrix Graph 
N1 The variability indicated mosaics. The 
transitional area was difficult to identify 
from the pattern presented in the half 
matrix. 
Range quadrat to quadrat = 0.3 to 1.0; 
range across the transect = 0.0 to 1.0. 
The transitional area extended 
between quadrats 5 and 9. 
Mosaics dominated this transect 
and complicated the boundary 
classification. 
N2 The half matrix did not elucidate the nature 
of the boundary. Therefore mosaics 
complicated the boundary type. 
Range quadrat to quadrat = 0.1 to 0.9; 
range across the transect = 0.1 to 0.9. 
Mosaics dominated at this site, but 
quadrats 4 to 8 could mark the 
transitional area. 
N3 The transition occurred between quadrats 
4 and 6, suggesting an ecotone. Mosaics 
were also clearly evident. 
Range quadrat to quadrat = 0.1 to 0.9; 
range across the transect = 0.1 to 1.0. 
Ecotonal tendencies were 
evidenced but overall mosaics 
dominated this transect. A 
possible transition occurred 
between quadrats 5 and 8. 
N4 The half matrix supported an ecotone 
boundary. Although the extent was 
difficult to pinpoint from the pattern it 
could extend between quadrats 5 and 11. 
Range quadrat to quadrat = 0.3 to 0.9; 
range across the transect = 0.0 to 0.9. 
The pattern indicated an ecotone 
with mosaics. High similarity 
dominated, with variability in 
evidence. The main transition 
appeared to fall between quadrats 
5 and 11. 
N5 The high variability throughout reflected 
mosaics. The transitional area possibly fell 
between quadrats 7 and 9 which indicated 
ecotonal characteristics. 
Range quadrat to quadrat = 0.4 to 0.8; 
range across the transect = 0.2 to 0.9. 
The transitional area appeared to 
be an ecotone which occurred 
between quadrats 6 and 10. 
Mosaics were also evidenced. 
N6 The transitional area occurred between 
quadrats 4 and 5, the overall high similarity 
favoured an ecotone. 
Range quadrat to quadrat = 0.1 to 0.9; 
range across the transect = 0.1 to 1.0. 
The demarcation between plant 
communities appeared to fall 
between quadrats 4 and 5. An 
ecotone, but not a clear pattern. 
TABLE 7.11 North York Moors - Czekanowski's coefficient 
253 
SITE Half Matrix Graph 
B1 The transitional area possibly occurred 
between quadrats 9 and 12. There was 
evidence of mosaicing. 
Range quadrat to quadrat = 0.4 to 0.8; 
range across the transect = 0.2 to 0.8. 
A highly varied pattern existed 
which favoured mosaics. The 
transitional area was unclear from 
the pattern displayed, but possibly 
fell between quadrats 6 and 13. 
B2 Dissimilarity featured strongly across the 
transect, therefore mosaics affected the 
boundary type. The transitional area was 
unclear although quadrat 22 appears to 
mark a change. 
Range quadrat to quadrat = 0.1 to 0.7; 
range across the transect = 0.1 to 0.8. 
A very diverse pattern with a 
mosaic dominance. The 
transitional area could fall between 
quadrats 13 and 20, or even 13 
and 25, possibly favouring ecotone 
tendencies. 
B3 A variable pattern was presented with 
overriding high dissimilarity values. 
Mosaics dominated and the transitional 
area remained unclear. Quadrats 15 and 
16 could be important. 
Range quadrat to quadrat = 0.1 to 0.8; 
range across the transect = 0.0 to 0.9. 
The diversity of species was clearly 
evident across this transect. 
Mosaics dominated and 
complicated the boundary type. 
84 High dissimilarity was displayed. The 
transitional area was masked by mosaics, 
but could fall between quadrats 11 and 13. 
Range quadrat to quadrat = 0.1 to 0.9; 
range across the transect = 0.1 to 0.9. 
Overall dissimilarity dominated 
which reflected the diversity of the 
vegetation. The boundary 
occurred between quadrats 8 and 
17. Mosaics dominated. 
85 Quadrats 4 to 7 marked the transition - an 
ecotone with mosaics. 
Range quadrat to quadrat = 0.3 to 0.8; 
range across the transect = 0.1 to 0.8. 
Here a gentle pattern of overall 
high similarity was presented, 
which favoured an ecotone, with 
low mosaicing. Quadrats 7 to 10 
marked the transition. 
86 A varied pattern supported the presence 
and influence of mosaics. The transitional 
area was possibly between quadrats 4 and 
7 which supported ecotonal tendencies. 
Range quadrat to quadrat = 0.5 to 0.8; 
range across the transect = 0.3 to 0.8. 
Similarity dominated this transect. 
The boundary favoured an ecotone 
(with low mosaicing) and fell 
between quadrats 4 and 7. 
87 Mosaics were evident. The transitional 
area could extend between quadrats 6 to 
16. 
Range quadrat to quadrat = 0.0 to 0.8; 
range across the transect = 0.0 to 0.9. 
The diverse nature of the 
vegetation at this site was 
reflected in the graph. Mosaics 
complicated the boundary type and 
extent, although it possibly fell 
between quadrats 8 and 18. 
88 High similarity supported a gradual change, 
an ecocline. 
Range quadrat to quadrat = 0.7 to 0.8; 
range across the transect = 0.6 to 0.8. 
A very gradual change from 
quadrat to quadrat Inferred an 
ecocline. No clear evidence of 
mosaicing. 
TABLE 7.12 Barra - Czekanowski's coefficient 
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7.3.1.3 Real distance 
The actual distance between quadrats had been calculated to further explore 
the variability within each transect. The sampling strategy adopted involved 
sampling at points of change where the vegetation displayed differences in 
composit ion. Therefore it fol lowed that where variability (heterogeneity) was 
high then the samples would be closer together and where the variability was 
low (homogeneous) then the samples would be further apart. 
The coefficients of dissimilarity and similarity had enabled the samples to be 
examined in terms of species composition and how similar or dissimilar they 
were to one another. Real distance was an additional measure of variability 
which was included to complement the sampling strategy adopted. 
The results from this approach took the form of a half matrix, a graph and a 
single line plot for each site. Initially the half matrix was created to look at all 
the variability within the transect. From this the distance between adjacent 
quadrats down the transect were taken and plotted. The information from the 
graph was then translated into a single dimension by producing a line plot wi th 
the distances between adjacent quadrats proportionally represented along this. 
The line plot presented a clear indication of the variability wi thin each 
community and also provided further information about the extent and nature 
of the transitional area. 
Tables 7.13 to 7.16 represent the interpretations of the graphs for each 
location. These tables attempt to identify the three zone, community 'A ' , 
transitional area and community 'B and then indicate the nature of the three 
zones sampled within each transect. The results have been simplified into the 
255 
fol lowing terminology:- similar - quadrats are at some distance from one 
another; mixed - some quadrats are close together, some are further apart; 
diverse - where quadrats are close together reflecting high variability. 
Site D1 is used to exemplify the interpretations made from the half matrix, the 
graph and the line plot (Figures 7.7 and 7.8). 
SITE Community 'A' Transitional Area Community 'B ' 
D1 Quadrats 1-6 
similar 
Quadrats 7-12 
diverse 
Quadrats 13-17 
similar 
The half matrix revealed a mixed pattern overall wi th the greatest variability 
between quadrats 7 and 12. The distances for adjacent quadrats were then 
plotted to try to identify the boundary characteristics. 
From the graph the pattern indicated that the distances between quadrats 1 to 
2, and up to quadrat 6 were well spread out signifying some differences within 
community 'A ' but wi th overall low mosaicing. The transitional area appeared 
to begin at quadrat 7 and extend to quadrat 12, where the samples between 
quadrats 7 and 11 were contiguous. Quadrat 12 marked a slight change which 
Implied high diversity over a short spatial area/distance. Community 'B ' 
extended between quadrats 13 to 1 7 and although differences were displayed 
mosaicing within this area was low. The information from the single dimension 
plot supported these findings and clearly implied that the transition area 
extended between quadrats 7 and 1 3 wi th samples closer together illustrating 
higher diversity than in the adjacent communities. 
Therefore at this site the floristic composition of communities 'A ' and 'B ' was 
quite uniform, whilst the transitional area displayed some variability. The 
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Quadrat 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1 17.1 6.7 29.1 20.2 32.4 22.3 21.8 21.3 20.8 20.4 20.0 27.6 35.6 36.5 50.8 44.9 
2 11.1 12.8 8.5 18.1 17.6 17.9 18.2 18.6 19.0 21.9 29.8 27.0 38.8 42.7 42.4 
3 22.6 13.5 25.7 16.8 16.4 16.1 15.9 15.7 16.6 24.7 29.7 34.0 45.2 40.8 
4 10.7 7.5 18.7 19.6 20.4 21.3 22.1 26.2 32.1 20.9 39.8 35.0 39.4 
5 12.3 9.9 10.4 11.0 11.7 12.4 16.1 23.0 18.6 31.6 34.3 34.1 
6 16.3 17.3 18.2 19.2 20.2 24.3 28.6 14.1 35.2 27.5 33.0 
7 1.0 2.0 3.0 4.0 8.1 13.5 13.4 21.8 28.5 25.0 
8 1.0 2.0 3.0 7.1 12.7 14.2 21.3 29.0 25.0 
9 1.0 2.0 6.1 12.0 14.9 20.7 29.5 25.0 
10 1.0 5.1 11.4 15.7 20.3 30.1 25.0 
11 4.1 10.8 16.5 19.8 30.7 25.1 
12 8.2 19.5 17.5 32.5 24.9 
13 19.5 9.3 29.0 18.1 
14 
15 
16 
17 
23.4 15.8 
27.6 
19.0 
12.9 
16.0 
FIGURE 7.7 Site D1 - real distance half matrix 
00 
Quadrat to quadrat 
] quadrat 2 3 
• • • • 
A 5 
• • 
6 ' T - l l 12 13 M 15 16 17 
0 2 0 AO 6 0 
• • • • 
8 0 1 0 0 1 2 0 
Distance (m) 
• 
1 4 0 1 6 0 
• 
1 8 0 
• 
2 0 0 
FIGURE 7.8 Site D1 - real distance and line plot 
nature of sampling (contiguous quadrats 7 to 11 inclusively) indicated a marked 
change wi th regular spaced samples to detect/pick up the differences in the 
vegetation. The results supported an ecotone wi th the composition displaying 
species unique to the transitional area and associations wi th both adjacent 
communities. 
/. Dartmoor distance data (Table 7.1 3) 
For the 5 sites sampled on Dartmoor this method provided useful 
supportive information. For each transect three zones, community 'A ' , 
community 'B ' and the transitional area, were identifiable. The patterns 
which emerged support the general observations that the vegetation at 
this location was not highly varied, and that the communities sampled 
displayed some differences but were not particularly diverse. 
SITE Community 'A' Transitional Area Community '8 ' 
D1 Quadrats 1-6 
similar 
Quadrats 7-12 
diverse 
Quadrats 13-17 
similar 
D2 Quadrats 1-7 
similar 
Quadrats 8-1 5 
diverse 
Quadrats 16-27 
diverse becoming 
similar 
D3 Quadrats 1-6 
similar 
Quadrats 7-11 
similar 
Quadrats 12-18 
mixed 
D4 Quadrats 1-7 
mixed 
Quadrats 8-12 
diverse 
Quadrats 13-18 
similar 
D5 Quadrats 1-5 
similar 
Quadrats 6-12 
diverse 
Quadrats 13-20 
mixed 
TABLE 7.13 Dartmoor - real distance 
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//. Snoyvdonia distance data (Table 7.14) 
The patterns displayed for the sites in Snowdonia were quite varied. 
Although the communities sampled were not particularly high in floristic 
variety the variability within the transects was clearly apparent from the 
graphs created. 
SITE Community 'A' Transitional Area Community 'B ' 
S I Quadrats 1-5 
mixed 
Quadrats 6-10 
mixed 
Quadrats 11-18 
mixed 
82 Quadrats 1-7 
mixed 
Quadrats 8-14 
mixed 
Quadrats 15-23 
similar 
83 Quadrats 1-3 
diverse 
Quadrats 4-9 
diverse 
no clear pattern 
Quadrats 10-12 
diverse 
84 Quadrats 1-6 
similar 
Quadrats 7-14 
diverse 
Quadrats 15-20 
similar 
TABLE 7.14 Snowdonia - real distance 
///. North York Moors distance data (Table 7.15) 
The six sites here showed interesting patterns. Although the 
communities sampled were quite similar, the variability within those 
communities was notable. The line plots helped determine the 
membership of quadrats to each zone. 
iv. Barra distance data (Table 7.16) 
These sites were the most variable of the four locations selected for this 
research. However using this method, wi th the exception of only two 
sites (B2 and 88), it was possible to identify each community thus 
enabling the transitional area to be described. 
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SITE Community 'A' Transitional Area Community 'B ' 
N1 Quadrats 1-4 
similar 
Quadrats 5-11 
mixed 
Quadrats 12-20 
diverse to mixed 
N2 Quadrats 1-5 
similar 
Quadrats 6-11 
diverse 
Quadrats 12-14 
similar 
N3 Quadrats 1-5 
mixed 
Quadrats 6-9 (but no 
distinct pattern) 
similar 
Quadrats 10-12 
similar 
N4 Quadrats 1-4 
similar 
Quadrats 5-11 
diverse 
Quadrats 12-18 
simitar 
N5 Quadrats 1-6 
similar 
Quadrats 7-9 
mixed 
Quadrats 10-14 
mixed 
N6 Quadrats 1-3 
similar 
Quadrats 4-5 
diverse 
Quadrats 6-8 
similar 
TABLE 7.1 5 North York Moors - real distance 
SITE Community 'A' Transitional Area Community 'B ' 
B1 Quadrats 1-8 
mixed 
Quadrats 9-1 5 
diverse 
Quadrats 16-24 
mixed 
82 Quadrats 1-11 
mixed 
Quadrats 12-21 
mixed 
Quadrats 22-44 
mixed 
B3 Quadrats 1-7 
similar 
Quadrats 8-14 
mixed 
Quadrats 1 5-47 
mixed 
B4 Quadrats 1-10 
mixed 
Quadrats 11-17 
diverse 
Quadrats 18-24 
simitar 
B5 Quadrats 1-7 
similar 
Quadrats 8-9 
mixed 
Quadrats 10-16 
similar 
B6 Quadrats 1-2 
similar 
Quadrats 3-7 
diverse 
Quadrats 8 -10 
similar 
B7 Quadrats 1-7/1-14 
similar 
Quadrats 8-12/15-23 
diverse 
Quadrats 13-40/24-40 
mixed to similar 
B8 diverse Unclear (possibly 
quadrats 2-3) 
diverse 
diverse 
contiguous quadrats therefore no differentiation between samples 
TABLE 7.16 Barra - real distance 
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7.3.1.4 Discussion - dis/similarity coefficients and real distance 
The results from squared Euclidean distance were only partially useful in 
describing the boundary conditions. This was probably due to two factors, the 
first being the nature of the sampling and the second the problem of 
interpreting the values created. The nature of the sampling involved 
concentrating on change/difference and therefore the calculated squared 
Euclidean distance values would reflect this by resultant high values. This was 
often, and understandably, translated as variability/mosaicing, however this 
also demonstrated the influence of the sampling strategy on particular 
methods. The second factor was a problem generally experienced with 
squared Euclidean distance in that there is no fixed upper limit for this method 
and therefore only complete similarity can be accurately identified. Whilst 
complete similarity might occur within the plant communities or the transitional 
area, values greater than 0 would be more common. The presence and 
influence of mosaics was a particular feature identified using this method, 
especially within the Dartmoor sites. As mosaics became more dominant it 
was increasingly difficult to extract boundary characteristics from the 
information, although at most sites there was sufficient evidence to support 
ecotonal and/or ecoclinal tendencies. 
Czekanowski's coefficient enabled more direct observations to be made about 
the nature of the vegetation within each transect than squared Euclidean 
distance. Within the half matrices the range of values for most transects 
demonstrated clearly both very high dissimilarity and very high similarity, 
however wi th many of the graphs this degree of dissimilarity was slightly 
reduced. 
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A particular feature of Czekanowskl's coefficient was In the identification of the 
two plant communities sampled. The results clearly indicated that two plant 
communities had been sampled In all transects. 
The information presented using real distance helped overcome some of the 
problems encountered wi th the coefficients of dissimilarity and similarity. By 
creating a line plot it was possible to propose the quadrat membership of each 
zone (community 'A ' , transitional area and community 'B') wi th the exception 
of only two of the 23 sites sampled. 
It could be argued that real distance is simply a representation of the sampling 
strategy adopted and therefore remains exceptionally limited In Its real 
application. However, although simple it proved exceptionally valuable in 
removing much of the 'noise' which had complicated boundary identification 
in the methods thus far explored. 
7.3.1.5 Overview 
Within this set of measures, squared Euclidean distance and Czekanowskl's 
coefficient of similarity represented traditional methods. The reason for 
applying both was that as they were comparable it would be interesting to 
observe any differences which became apparent through their application. The 
graphs created were not mirror Images despite one being a coefficient of 
dissimilarity and the other of similarity. However this was not surprising (and 
Indeed was not expected) due to the different limits of the methods. Of 
substantial significance, however, was the independent interpretations of these 
results. Therefore comparison of the Interpretations represented an Important 
part of this research. 
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Real distance was included simply to enable the samples to be observed in a 
single dimension and due to the very nature of the sampling strategy It would 
fol low that those quadrats closer together Indicated variability and those further 
apart similarity (greater homogeneity). 
7.3.2 Methods of classification and ordination 
7.3.2.1 Classification (TWINSPAIM) 
Classification indicates the degree of similarity between species and therefore 
should elucidate both the nature of the boundary and its extent (width), 
TWINSPAN produces output which placed quadrats most similar next to one 
another on one axis, and species similar to one another on the second axis. 
This was examined to observe any trends in the data. In addition to this, an 
Index was created to illustrate how heterogeneous the vegetation was across 
the transect. A value of 1 Indicated a gradual change (an ecocline), the higher 
the value the greater the heterogeneity (variability) and thus the greater the 
influence of mosaics. 
A two-way table created for all transects at each location was examined and 
the patterns displayed in these were compared to the theoretical limits 
proposed (Figure 6.2 (ili)). 
Tables 7.17 to 7.20 provide summaries of the results and site D1 is used to 
exemplify the interpretation process. Figure 7.9 illustrates the two-way table 
produced for this transect. 
264 
Dl TWINSPAN 2-way table output 
1 1 1 1 1 1 1 1 
4 5 6 2 3 7 7 8 9 0 1 3 5 6 2 4 1 
8 CLAD PORT 1 
22 BARE GROU 1 
23 BARE ROCK 1 2 
10 DANT DECU 3 2 4 1 - -
24 DUNG 1 - 1 
1 AGRO CAPI 5 4 4 4 4 5 5 4 4 3 3 3 3 3 - 1 -
5 CARE ECHI . 3 - - - 4 2 - - - -
13 GAU SAXA 4 4 4 4 4 3 4 3 3 2 3 3 2 - 1 2 -
16 LUZU CAMP - 1 - 2 2 2 3 3 . . . . 
2 AGRO CURT 6 6 6 6 6 6 6 6 5 4 4 4 3 4 2 3 3 
3 BRYO 5 5 5 5 5 5 5 5 5 5 4 4 4 4 3 3 3 
12 FEST OVIN 3 5 4 3 - 3 3 3 3 3 - 3 3 3 3 3 -
20 POTE EREC 2 3 3 3 1 2 2 2 3 2 1 2 2 2 1 - -
6 CARE NIGR 3 2 3 3 3 1 3 3 3 3 2 2 2 2 1 2 3 
21 VACC MYRT 5 5 4 5 4 4 - - 4 4 2 5 3 3 2 2 2 
7 CARE PAN! 2 3 2 1 1 2 1 2 -
4 CALL VULG 2 3 - - - 3 2 1 3 3 3 1 2 -
17 MOU CAER 2 2 3 2 3 2 2 3 5 6 6 6 6 6 6 6 6 
19 POA - ANNU - 1 - - - - 2 2 - - 2 3 2 2 2 - -
9 CLAD UNCI 1 -
11 ERIC CINE 1 2 2 3 -
15 JUNC SQUA 3 -
25 LITT ER 1 2 2 - 3 
14 JUNC EFFU 3 . . . . 
18 NARD STRI 3 3 3 3 3 - -
0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 1 
0 0 0 1 1 1 1 1 
0 0 0 1 1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 1 0 0 
0 1 0 0 
0 1 0 0 
0 1 0 0 
0 1 0 1 
0 1 0 1 
0 1 1 
1 0 
1 0 
1 0 
1 1 0 
1 1 0 
1 1 0 
1 1 0 
1 1 1 
1 1 1 
FIGURE 7.9 Site D l - TWINSPAN two-way table 
265 
This two-way table was the product of a 17 quadrat x 25 species data matrix. 
21 of these were actual species and 4 were non-species - bare ground, bare 
rock, litter and dung. 
Reading the table from the top, the species/entries which appear first were 
Cladonia portentosa, bare ground and bare rock. Their occurrence here 
indicated that they were peripheral and not common to all quadrats. Thus to 
interpret the table meaningfully it was necessary to begin wi th Danthonia 
decumbens. The overall trend was a heavy middle block wi th a slight right 
hand tail towards the bottom. Reference to Figure 6.2 (iii) indicated that the 
patterns presented were not identically replicated, rather the pattern reflected 
a combination of mosaics and ecocline qualities (hence the interpretation). 
Another conclusion could be that no ecotone characteristics were identifiable 
within the table. 
The divisions at the bottom of the table indicated an initial split between 
quadrats 10 (left hand side) and 1 (right hand side) producing two main groups. 
The association indicated a grass heath community and a Calluna heath. The 
transitional area could fall between quadrats 7 and 10 for the following 
reasons. Quadrats 10 and 1 mark the first major division which created the 
two main groups. Using the third division level five sub-groups emerged i) 
14,15, 16; ii) 12, 13, 17, 7 8 (which can be further sub-divided into 12, 13, 
18 & 7, 8); iii) 9, 10; iv) 1, 3, 5, 6 and v) 2, 4 , 1 1 . From this information it 
was apparent that group i) represented community 'B ' and group iv) com-
munity 'A ' which left groups ii), iii) and v). Groups ii), iii) and v) could 
therefore constitute the transitional area, or more likely, some of the quadrats 
would form membership to communities 'A ' and 'B ' . The sub-division of group 
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II) proved useful in this context, wi th the split between 12, 13, 17 and 7, 8. 
Therefore quadrats 12, 13 and 17 could form part of community 'B ' and 
quadrats 7 and 8 part of the transitional area, along with group ill (quadrats 9 
and 10). The remaining groups were combined to form community 'A ' 
(quadrats 1, 2, 3, 4 , 5, 6 and 11). This clearly Indicated an overlap which 
supported mosaics. 
The division for species (on the right hand side of the table showed a clear split 
between the grassy heath species (16 species In total Including the bare 
ground, bare rock and dung) and the Calluna heath (9 species including litter). 
The non-species Included In these divisions were anticipated. For the grassy 
heath species some bare ground may occur due to grazing which was 
evidenced through the presence of dung. Within the Calluna heath litter from 
the deciduous Molinia would be anticipated. 
An extract from Table 7.17 appears below which illustrates/indicates the 
information obtained from the two-way table, the third column Illustrates how 
the index was calculated and presents the resultant value. 
SITE Two-way Table Index 
D l Mosaics dominated the two way 
output table. The break points 
were:-
1. 10 /1 2 . 8 / 9 & 1 6 / 1 2 & 6 / 2 
Transition - quadrats 6-9. 
14 15 16 12 13 17 7 8 9 10 1 3 5 6 2 
4 11 = 51/16 
Tl = 3.2 
Each two-way table was thus Interpreted to produce Tables 7.17 to 7.20. 
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/. Dartmoor TWINSPAN data (Table 7.1 7) 
The number of species across the different transects at this location 
indicated quite varied vegetation. Mosaics dominated the two-way 
tables, for this location, and often complicated the true nature of the 
boundary sampled. 
SITE Two-way Table Index 
D1 Mosaics dominated the two way 
output table. The break points 
were:-
1.10/1 2. 8/9 & 16/12 & 6/2 
Slight ecotone characteristics. 
Transition - quadrats 6-9. 
1 4 1 5 1 6 1 2 1 3 1 7 7 8 9 1 0 1 3 5 6 2 
4 11 = 51/16 
Tl = 3.2 
D2 The pattern indicated some ecotonal 
tendencies with mosaics. 
Breaks :-
1.4/13 2. 6/8 & 16/20 
3. 12/1 & 14/4 & 20/18 
Transition - quadrats 8-16. 
7 2 3 5 10 12 1 6 8 9 11 14 4 13 15 
17 16 20 18 19 22 23 21 = 76/19 
Tl = 4.0 
D3 The pattern implied mosaics with an 
ecocline. 
Breaks:-
1. 8/9 2. 3/7 & 10/12 
3. 5/2 & 14/10 & 18/15 
Transition - quadrats 7-10. 
5 2 4 6 1 3 7 8 9 1 1 1 3 14 10 1 2 1 8 
15 16 17 = 41 /17 
Tl = 2.4 
D4 The table indicated some ecotone 
traits with mosaics. 
Breaks:-
1.15/6 2. 18/2 & 10/4 
3. 7/17 & 9/3 
From the table it was unclear where 
the transition lay (possibly quadrats 
6-15). 
7 1 7 1 5 1 2 1 8 2 1 1 1 4 1 5 6 1 0 4 9 3 
8 13 16 = 115/17 
Tl = 6.8 
D5 The ordering indicated 2 
communities with both differences 
and similarities. Mosaics 
complicated the underlying pattern. 
Breaks:-
1. 15/2 2. 19/11 & 6/1 
3. 20/17 & 9/10 
Transition - quadrats 6-11. 
1 3 1 6 20 1 7 1 8 1 9 1 1 
5 7 8 9 10 12 14 1 5 2 
4 6 1 3 = 60/19 
Tl = 3.2 
TABLE 7.17 Dartmoor - TWINSPAN 
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//. Snowdonia TWINSPAN data (Table 7.18) 
The resultant two-way tables for the TWINSPAN results provided some 
useful information about the vegetation, for whilst mosaics still featured 
strongly other signals were detectable. 
SITE Two-way Table Index 
81 The pattern indicated a strong 
ecotone, a slight ecocline plus 
mosaics. 
Breaks:-
1. 13/15 2. 6/8 3. 1/5 & 11/12 
Transition - quadrats 8-12. 
2 5 1 4 3 7 6 8 9 10 12 11 14 15 13 
16 17 18 = 34/17 
Tl = 2 .0 
82 The pattern illustrated mosaics with 
some ecotonal tendencies. 
Breaks:-
1.1/9 2. 9/11 & 14/18 
3. 20/21 & 6/7 & 13/17 
Transition - quadrats 8-13. 
8 10 20 21 23 22 24 11 9 19 1 12 3 5 
2 4 6 7 18 14 15 16 17 13 = 114/23 
Tl = 5.0 
83 The pattern inferred an ecocline with 
low mosaicing. 
Breaks:-
1.1/8 2. 6/10 & 2/5 3. 7/8 
Transition - quadrats 5-10. 
6 10 9 1 1 12 7 8 1 3 4 5 2 = 28/11 
Tl = 2.5 
84 From the pattern displayed an 
ecotone with slight mosaics was 
detected. Breaks:-
1.8/13 2. 2/6 & 16/19 3. 1 /3 & 10/14 
Transition - quadrats 8-13. 
3 1 4 5 6 2 7 8 13 15 9 11 12 10 14 
17 18 19 16 20 = 52/19 
Tl = 2.7 
TABLE 7.18 Snowdonia - TWINSPAN 
in. North York Moors TWINSPAN data (Table 7.19) 
The over-riding feature here was mosaics which was surprising due to 
the relatively low number of species sampled overall. A range of 
transitional types were identified. 
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#V. Barra TWiNSPAN data (Table 7.20) 
The patterns from the two-way tables were quite complex largely as a 
result of the high number of species sampled. This was clearly reflected 
by the occurrence of mosaics within many transects. 
S I T E T w o - w a y Table Index 
N1 The pattern indicated an ecotone 
with m o s a i c s . 
Breaks: -
1. 9/14 2. 6/12 & 17/13 
3. 5/1 & 12/7 & 19/17 
Transit ion - quadrats 9 -14 . 
2 3 5 1 4 6 12 7 8 10 11 9 14 16 18 
19 17 13 15 20 = 52/19 
Tl = 2.7 
N2 The t w o w a y table reflected an 
ecocl ine with s o m e m o s a i c s . 
Breaks: -
1.9/4 2. 14/12 & 11/13 3. 6/3 
No obvious transition w a s presented, 
although it possibly occurred 
between quadrats 4 and 9. 
1 7 12 1 3 2 5 8 9 4 6 3 10 11 13 
= 52/13 
Tl = 4.0 
N3 The pattern indicated m o s a i c s , the 
gradual change supported an 
ecocl ine. 
Breaks: -
1.7/10 2. 4/5 & 9/1 3. 8/2 
Transit ion - quadrats 7 -10 (or 5-9) , 
but not very clear. 
4 5 8 2 6 10 7 9 1 3 11 12 = 42/11 
Tl = 3.8 
N4 The pattern s h o w e d a base heavy 
table. Mosa ics dominated a possible 
ecoctine. 
Breaks: -
1. 8/13 2. 3/1 & 17/18 3. 5/10& 8/11 
Transit ion - quadrats 8 - 1 3 , 
2 3 1 10 5 7 9 4 6 12 1 3 8 1 1 14 16 
15 17 18 = 52/17 
Tl = 3.1 
N5 The pattern indicated both ecotonal 
and ecocl inal features with s o m e 
mosaic ing. 
Breaks: -
1. 5/4 2. 6/2 & 21/1 3. 11/13 
Transit ion - quadrats 7 -11 . 
11 13 15 7 9 14 10 12 1 5 4 6 2 3 7 
= 52/14 
T l = 3.7 
N6 T h e pattern reflected an ecocl ine 
with m o s a i c s . 
Breaks: -
1.3/8 2.5/2 3.2/7 
Transit ion - quadrats 4 -5 . 
5 2 7 1 6 3 8 4 = 31/7 
Tl = 4.4 
TABLE 7.19 North York Moors - TWINSPAN 
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SITE Two-way Table Index 
B1 The pattern indicated mosaics and 
some ecotonal tendencies. 
Breaks:-
1. 15/9 2. 24/17 & 7/8 
3. 20/14 & 11/4 
Transition - quadrats 9 - 1 5 . 
21 22 23 24 17 19 18 16 20 14 15 9 
10 12 13 7 8 11 4 5 6 1 2 3 = 62 /23 
Tl = 2.7 
B2 Mosaics were clearly evident with 
possibly some ecoclinal tendencies. 
Breaks:-
1.15/16 2. 12/8 & 24/31 
3. 18/3 & 35/38 & 8/10 
Transition - unclear from two-way 
table. 
4 7 11 18 3 1 2 6 5 9 12 8 10 19 13 
20 21 14 15 16 17 30 31 33 34 28 29 
36 40 26 27 23 25 37 22 24 32 35 38 
39 41 42 43 44 = 199/43 
Tl = 4.6 
B3 Whilst the transition appeared to be 
gradual some ecotone tendencies 
were present plus mosaics. 
Breaks:-
1. 21/36 2. 17/6 & 39/25 
3. 11/7 & 10/1 & 34/37 & 24/30 
Transition - quadrats 2 1 - 3 6 . 
4 8 9 10 1 2 3 5 1 5 1 7 6 1 1 7 12 13 
14 16 18 19 21 36 40 43 23 27 35 34 
37 38 41 42 33 39 25 32 20 22 24 30 
26 28 31 29 = 199/42 
Tl = 4.7 
84 Mosaics dominated a possible 
ecotone boundary. 
Breaks:-
1. 11/22 2. 20/18& 21/12 
3. 25/1 & 8/2 & 23/15 
Transition - quadrats 1 1 - 1 5 . 
10 24 25 1 5 20 1 8 1 9 4 7 3 6 8 2 9 
11 22 23 15 16 17 21 1 1 12 13 
= 141/24 
Tl = 5.9 
85 The overall pattern reflected an 
ecocline with mosaics. 
Breaks:-
1. 10/1 2. 7/6 & 4/12 3. 13/14 
Transition - quadrats 4 -10 . 
5 11 7 6 8 9 10 1 2 3 4 12 13 14 15 
16 = 39 /15 
Tl = 2.6 
86 An ecocline boundary was evidenced 
here. 
Breaks:-
1. 10/3 2. 9/1 & 5/6 
Transition - quadrats 5-6. 
8 9 1 2 10 3 4 5 6 7 = 29/9 
Tl = 3.2 
87 The pattern favoured an ecotone, 
with some mosaics. 
Breaks:-
1. 15/11 2. 41/1 & 37/16 
3. 39/2 & 27/4 & 6/36 & 17/18 
Transition - quadrats 1 1 - 1 5 . 
31 39 2 5 7 29 30 33 28 32 38 34 35 
40 1 27 4 26 24 22 14 23 25 13 15 11 
12 21 3 6 35 37 16 17 18 19 20 8 
9 10 = 354/39 
Tl = 9.1 
88 An ecotone was presented (but with 
some mosaics- see A. tenella). The 
break point appeared to fall between 
quadrats 1 & 6. 
Transition - unclear. 
3 4 5 6 1 2 = 9/5 
Tl = 1.8 
TABLE 7.20 Barra - TWINSPAN 
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7.3.2.2 Ordination (DECORANA) 
The information from the ordination output was used to identify any groupings 
which emerged within the transects, both in terms of which quadrats appeared 
to have affinities wi th each other and also which species were associated wi th 
these groupings. Section 6.3.2 (ii) provided an explanation of the anticipated 
patterns for each transitional type. It must be reiterated that whilst the method 
is objective the interpretation is subjective. No theoretical limits were proposed 
for this method. 
The data for all transects were run through the DECORANA program. Two 
dimensional plots of axis 1 (sequence) against axis 2 (variance) were created 
for both quadrats and species. Site D1 is used here to provide an example of 
how these plots were interpreted, wi th Figures 7.10 and 7.11 illustrating the 
quadrat and species plots respectively. 
The variation within the whole data set could be initially examined through the 
strength of the eigenvalue, which for this site was 0.517 and this reflected 
medium variability within the data set. 
The sample/quadrat plot indicated a linear pattern from axis 1 wi th a change 
from the first community to the next. Here quadrats 9 and 10 appeared to be 
transitional, w i th community 'A ' (quadrats 2, 3, 4 , 5, 6) being more varied than 
community 'B ' (quadrats 12, 13, 14, 15, 16, 17). The location of quadrats on 
the ordination plot indicateda gradual change from one community to the next 
wi th some overlap between the communities sampled. The position of quadrat 
11 at one extreme, and quadrats 7 and 8 at the other implied that whilst these 
quadrats displayed some similarities to the neighbouring quadrats they were 
272 
Quadrat ordination 
CM 
cn 
x 
100 
90 -h 
80 
70 
60 
50 
40 
30 
20 
10 
0 
• 17 
J L S J L 
12 • 
0 7 ~ ~ -'-^^0 
3 • 
10 • 
5 • 
e • 
11 a 
a • 
• 1 6 
10 20 30 40 
1 
50 
Axis 1 
60 70 
—H 
80 
—H 
90 100 
FIGURE 7.10 Site D1 - DECORANA quadrat plot 
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FIGURE 7.11 Site D1 - DECORANA species plot 
[ a = Agro.capi; b = Agro.curt; c = bryo; d = Call.vulg; e = Care.echi; f = Care.nigr; g = Care.pani; h = Clad.port; i = Clad.unci; 
i = Dant.decu; k = Eric.cine; l = Fest.ovin; m = Gali.saxa; n = Junc.effu; o = Junc.squa; p = LuEu.camp; q = Moli.caer; 
r = Nard.stri; s = Poa.8nnu; t = Pote.erec; u = Vacc.myrt; v = b.ground; w = b.rock; x = dung; y = litter] 
also at the limits and therefore could constitute membership to the transitional 
area. Axis 2 revealed that the variance was not substantial and this implied 
that overall the variability was low (translated as low mosaicing across this 
transect). 
The species plot revealed clustering along the axis wi th Carex echinata, dung 
and Danthonia decumbens set apart from the other species. The overall trend 
illustrated a gradual change from the Agrostis grassland into the Molinia 
grassland. The second axis illustrated a slight increase in soil moisture 
associated with the change in community. 
Each of the subsequent transects for all locations were examined in this way 
and the findings are presented in Tables 7.21 to 7.24. 
/'. Dartmoor DECORANA data (Table 7 .21) 
The ordination of these transects enabled the patterns to be identified 
in terms of samples and species. For three of the transects a soil 
moisture gradient was detected, but for the remaining two transects 
there was no environmental gradient. 
//. Snowdonia DECORANA data (Table 7.22) 
The results for this location highlighted the influence of mosaics in 
boundary characteristics. Although environmental gradients remained 
undetected it must be remembered that only soil moisture, organic 
matter and pH were explored as the research concentrated on the 
variability in floristic data. 
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SITE Quadrat ordination Species ordination 
D1 There was no identifiable environmental 
gradient. Two groups existed with quadrat 
9 between them. 
i) 7.8,12,13,14,15,16.17 = 8 
ii) 1,2,3,4,5,6,10,11 = 8 
Evidence of ecoclinal characteristics with 
low mosaics. 
Transition - quadrats 9 and 10 or may 
extend between quadrats 7 to 11 with 
species common to each community. 
Overall clustering of species which 
indicated very little change across 
the transition. 
02 A soil moisture gradient from left to right 
was observed. Three groups emerged:-
i) 11,13,16,17,18,19.20.21.22,23 = 10 
ii) 4,9,14,15 = 4 
iii) 1,2.3,5,6.7,8,10,12 = 9 
Transition - quadrats 9 to 14. The split 
supported an ecotone, the distribution 
across the two axes supported mosaics. 
Three main groups emerged. The 
1 St consisted only of Pteridium; the 
2nd represented a combination of 
wet and dry heath species; the 3rd 
group represented the transitional 
species and included herbs such as 
Achillea, Euphrasia and Bellis. This 
pattern represented an ecotone 
with mosaics. 
D3 A slight soil moisture gradient was evident. 
The low variability of the 2nd axis reflected 
low mosaicing. Three groups:-
i) 12,13,14,15,16,17,18 = 7 
ii) 7,8,9,10,11 = 5 
iii) 1,2,3,4,5,6 = 6 
Both ecotonal and ecoclinal characteristics 
displayed. 
Transition - quadrats 7 to 11. 
The division was difficult to make. 
The obvious division lay between 
the grassy species and then the 
combination of the wet and dry 
heath species with bracken 
invasion. 
D4 A soil moisture gradient was identified. 
Three divisions were:-
i) 6,14,15 = 3 
ii) 3,4,8,9,10,13,16 = 7 
iii) 1,2,5,7.11,12,17,18 = 8 
This mixed pattern reflected mosaics. 
The transitional area was unclear but 
possibly quadrats 7 and 8 represented this 
area. 
From the species ordination three 
groups emerged. Group i) 
represented the transitional 
species; group ii| contained heath 
species; and group iii) contained 
grassy/drier species. 
Axis 1 illustrated a change with 
soil moisture. Axis 2 indicated the 
presence of mosaics. 
D5 No obvious environmental gradient existed 
at this site. The spacing of samples 
inferred mosaics. The division was 
unclear, but two groups were proposed:-
i) 1,2,3,4,5,6,7 = 7 
ii) 8,9,10,11,12,13,14,15,16,17,18,19,20 = 13 
Transition - quadrats 7 and 8; the abrupt 
change possibly reflected ecotonal 
tendencies. 
The species ordination showed a 
change along the 1st axis into 
bracken. The 2nd axis illustrated 
the variance between grassy and 
grassy heath species. 
TABLE 7.21 Dartmoor - DECORANA 
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SITE Quadrat ordination Species ordination 
81 No obvious environmental gradient. A xv^o 
fold division existed:-
i| 1,2.3,4,5,6,7.8,9,10,11 = 11 
ii) 12,13,14,15,16,17.18 = 7 
Ecotonal and mosaics tendencies were 
evident. 
Transition - unclear but possibly betv^/een 
quadrats 8 to 10. 
Four groupings were identrfied:-
i) wetter species 
ii) improved grassland species 
iii) bracken 
iv) grass-heath species 
The spread inferred mosaics. 
S 2 No obvious environmental gradient existed. 
Mosaics dominated this transect. Three 
groups were identified:-
i) 8,9,10.11,20,21.22.23,24 = 9 
ii) 1,2,3,4,5.6,7.12,13,18.19 = 11 
iii) 14,15.16 = 3 
Transition - unclear (possibly quadrats 7 to 
10). 
A division was difficult to identify 
but two clusters emerged, one with 
the grassy heath species and one 
containing the wetter species. The 
sequence along axis 1 inferred 
mosaics. Axis 2 indicated a 
moisture gradient from wet heath 
to dry and grassy heath. 
83 No obvious environmental gradient existed. 
The boundary type displayed ecoclinal 
tendencies with mosaicing. Three divisions 
were identified:-
i) 9,10,11,12 = 4 
ii) 6,7,8 3 
iii) 1,2.3.4.5 = 5 
The second group identified contained the 
transitional species. 
Transition - quadrats 6 to 8. 
Two groups of species emerged 
and the sequence followed:-
i) wetter heath species, to 
ii) grassy species (with signs of 
management/improvement) 
Axis 2 indicated the presence of 
mosaics. 
84 A soil moisture gradient existed across this 
transect. Mosaics were clearly evident. 
Three groups emerged:-
i) 10,11,12,13,14,15,16,17,18,19.20 = 11 
ii) 2.7.8.9 = 4 
iii) 1,3,4,5,6 = 5 
Transition - quadrats 7 to 9. 
The species progressed from 
wetter to drier species. The first 
group was dominated by heath/bog 
species, the second by grassy 
heath species. A clustering 
occurred and mosaics were 
evident. 
TABLE 7.22 Snowdonia - DECORANA 
///. North York Moors DECORANA data (Table 7.23) 
The results from the DECORANA program for this location were 
interesting but quite difficult to decipher. The characteristic boundary 
type was often difficult to interpret, apparently complicated by mosaics. 
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SITE Quadrat ordination Species ordination 
N1 No clear environmental gradient existed. 
Groupings:-
i) 15,16,17,18.19.20 = 6 
ii) 1,2,3,4,5.6,7,8,9.10 = 10 
iii) 11,12.13.14 = 4 
An ecocline with low mosaics. 
Transition - quadrats 9 to 1 3. 
It was difficult to separate into 
characteristic species, but largely a 
wet to dry heath existed. This 
showed a gradual change with low 
mosaics. 
N2 A pH gradient of increasing acidity was 
evident across the transect. A two-fold 
division existed:-
j) 1.2.4.5.7.8,9,12,14 = 9 
ii) 3,6,10,11,13 = 5 
The distribution inferred mosaics. 
Transition - quadrats 4 to 9. 
The species formed a simple 
subdivision with herb rich 
grassland into grassy heath 
associations. The mix indicated 
the presence of mosaics. 
N3 No obvious environmental gradient. The 
sequence was quite gradual across the first 
axis with only slight clustering a two-fold 
division could be detected:-
i) 2.4.5,6.8,10 = 6 
ii) 1,3,7.9,11.12 = 6 
This indicated an ecotone with mosaics. 
Transition - unclear. 
The species ordination revealed 
some variability but no clear 
change from one community to the 
next. 
N4 There was no obvious environmental 
gradient across the ordination plot. Two 
divisions were evident:-
i) 7,8,9,11,13,14,15,16,17,18 = 10 
ii) 1.2.3.4.5.6.10.12 = 8 
This implied ecotonal characteristics with 
mosaics. 
Transition - quadrats 8 to 13 {with species 
common to each community). 
Although a sequence from heath to 
grassland was presented there 
were two divisions between the 
species which indicated that 
bracken invasion was also evident. 
Low mosaics. 
N5 No obvious environmental gradient. There 
appeared to be a two-fold division. 
Throughout the first the quadrats were 
quite dispersed, throughout the second 
they displayed clustering. 
i) 8,9,10.11.12,13,14,15 = 8 
ii) 1,2,3,4,5.6,7 = 7 
An ecotone boundary with mosaicing. 
Transition - unclear (quadrats 8 to 10). 
The species ordination illustrated a 
mix of wet and dry heath species 
with no clear division which 
inferred mosaics. 
N6 There was no environmental gradient. The 
division of species created clusters at each 
end of axis 1 :-
i) 1.2.3.5.6.7 = 6 
ii) 4,8 = 2 
Transition - unclear. 
The species ordination presented 
few species with no clear division. 
However there was much 
variability. 
TABLE 7.23 North York Moors - DECORANA 
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/V. Barra DECORANA data (Table 7.24) 
The vegetation for this location had already been noted as being highly 
variable and this diversity was reflected in the ordination plots. The 
results were particularly useful in confirming the community types 
sampled. 
SITE Quadrat ordination Species ordination 
B1 There was no identifiable environmental 
gradient. Two distinct groups emerged:-
i) 14,15,16,17,18,19.20,21,22,23,24 = 11 
iii) 1.2,3,4,5,6,7.8.9,10,11,12,13 = 13 
Transition - quadrats 9-13. 
An ecotone boundary was presented. 
5 groups emerged, 3 main groups 
and 2 peripheral:-
i) sand dune species 
ii) herb and 'weed' species 
iii) grass species 
Apart from the two peripheral 
groups the other species remained 
fairly clustered indicating close 
similarities in species composition. 
B2 A very slight pH gradient existed. Two 
groups were identified:-
i) 22,23,24,25,26,27.28.29,30,31,32.33,34,35,36, 
37,38,39,40.41,42,43,44 = 23 
ii) 1,2,3,4,5,6,7,8,9.10,11,12,13,14,15,16,17,18, 
19,20,21 = 21 
Transition - unclear (masked by mosaics, 
evidenced by the quadrat arrangement and 
the spread across the ordination plot 
although the positioning of quadrats 18 
and 24 at the two ends points could be 
important). 
The species were well distributed 
across the plot with an increasing 
soil moisture gradient on axis 2. 
The division into groups was 
indistinct, but the following groups 
could be identified:-
i) flowers and herbs 
ii) machair & transitional species 
iii) wetter species 
B3 A soil moisture gradient existed which 
decreased across this transect. Three 
distinct groups emerged:-
i| 28,29,30,31.33,37,38,39.41,42 = 10 
ii) 20.21,22,23,24,25,26,27,32,34,35,36.40.43 
= 14 
iii) 1,2.3.4,5,6,7,8,9,10.11,12,13,14,15,16,17,18,19 
= 19 
Transition - unclear (but an obvious split 
would be between quadrats 21 and 34). 
The sequence of species was from 
a mix of wet to dry species across 
the ordination plot. No clear 
groupings stood out reflecting 
mosaics. However a basic division 
between the machair grassy 
species and the wetter species was 
evident. 
84 No obvious environmental gradient. Three 
groupings evident:-
i) 1,2,5,15,16,17.20,24,25 = 9 
ii) 3,8,9,10,11.13,14.21.23 = 9 
iii) 4,6,7,12.18,19,22 = 7 
The Spread indicated the presence of 
mosaics. 
Transition - quadrats 9 to 14. 
The species were clustered 
centrally in the ordination plot with 
a consistent theme of wetness 
throughout. The variability implied 
mosaics and the two distinct 
groups, a grassy mix and a wet 
heath association, indicated 
ecotonal tendencies. 
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B5 No obvious environmental gradient 
evidenced. A linear sequence across the 
first axis with some mosaictng was 
evident. Two groups were identified:-
1) 5 ,7 ,8 .9 .10 .11 .12 = 7 
ID 1 ,2 ,3 ,4 ,6 ,13,14,15.16 = 9 
Ecoclinal tendencies illustrated. 
Transition - unclear but possibly between 
quadrats 9 and 10. 
The main division fell between the 
grass to heath species and the herb 
rich grassland. However the 
division was not very distinct and 
some overlap occurred which 
implied mosaics. 
B6 There was no obvious environmental 
gradient. A gradual change occurred and 
presented two possible groups:-
1) 1,2,3,4,10 = 5 
ii) 5 ,6,7.8.9 = 5 
Both ecotonal and ecoclinal tendencies. 
Transition - quadrats 5 to 7. 
The division in the species 
ordination was from a mixed heath 
to a grassland community. Five 
species appeared as peripheral -
Bellis, Anagallis, Luzula, Poly gala 
and Plantago coronop/us. 
B7 The overall environmental gradient 
appeared to be one of increasing soil 
moisture. The pattern indicated ecotonal 
tendencies with mosaics. Two groups 
were identified:-
i) 2 ,5 ,7 .23 .28 ,29 .30 ,32 .33 ,34 .35 ,38 ,39 .40 = 14 
ii) 1 ,3 ,4 ,6 ,8 ,9 ,10 ,11 ,12 .13 ,14 ,15 ,16 ,17 ,18 ,19 ,20 , 
21 ,22 ,23 ,24 ,25 ,26 .27 ,36 ,37 = 26 
Transition - unclear. 
The species groupings were quite 
mixed which inferred mosaics. 
Three groupings were identrfied:-
i) herb grassland associated with 
machair species; 
ii) dry heath species with herbs 
and some improved pasture 
species, and 
iii) wet heath/bog species. 
B8 An environmental gradient of increasing 
organic matter down the transect existed. 
A gradual sequence across the plot could 
be seen with quadrats well spread out with 
no obvious division. The change in organic 
matter from quadrats 3 to 4 indicated an 
ecotonal transition, but the ordering also 
supported and ecocline. 
Transition - unclear. 
The species ordination indicated a 
progression from drier to wetter 
species. Two groups emerged 
with fewer species in the second 
group. Some overlap occurred 
which indicated the presence of 
mosaics. 
TABLE 7.24 Barra - DECORANA 
7.3.2.3 Overview 
TWINSPAN and DECORANA are tried and tested methods of classification and 
ordination and the results from these were particularly useful. 
Whilst TWINSPAN produced an objective classification of the data there were 
still problems in interpreting the results in terms of boundary characteristics. 
This was largely due to the influence of mosaics, but additional problems were 
encountered in attempting to fit the theoretical patterns to the tables created. 
This continued to reinforce the necessity for further lines of investigation. 
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DECORANA provided a further line of evidence for characterising boundary 
types. Again the results presented some very useful information, but equally 
some of the results were particularly difficult to interpret due to the 'noise' in 
the data, brought about by mosaics. 
The two techniques are complementary, therefore it was not surprising that 
they often produced similar results in terms of the boundary characteristics. 
7.3.3 Species replacement 
Here turnover of species provided a further line of evidence in observing the 
nature of the vegetation across each transect and identifying the boundary 
type. This method focused on the total change in species, Causton's (1988) 
"coming in and out" (p213) of species. 
Two graphs were created, one to illustrate gain, loss and the overall change 
between adjacent quadrats moving down the transect Cy' distance); and the 
second graph to illustrate the true 'coming in and out ' of species inter-quadrat 
as discussed in chapter 6 (6.3.3). The gain, loss and total change provided 
useful information and if all quadrats contained the same number of species it 
would have been appropriate to end at this stage. However, although change 
was examined it was unrelated to the differing number of species inter-quadrat. 
Therefore the replacement of species needed to be examined in relation to the 
total number of species found in the previous quadrat. A second graph was 
created by subtracting the difference beween adjacent quadrats from the total 
change (which then allowed the diversity or variability to be fully considered). 
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The theoretical limits, presented in Figure 6.2 (iv), are based on the species 
composition and variability at each site and relate to the overall change. 
Figures 7.12 and 7.13 present the two graphs created for site 01 and the 
discussion below indicates how these graphs were interpreted. 
Examination of the two graphs enabled suggestions to be made regarding the 
variability of the data. Reference to Odum's (1971) definition enabled some 
speculation to be made regarding species membership. Although the overall 
trend was similar for the two graphs it was apparent that the second graph 
was necessary to fully interpret the findings, see quadrats 10 to 11 and 11 to 
12 for example. The final pattern reflected the variability, interpreted as the 
influence of mosaics at this site. The boundary demonstrated characteristics 
of an ecotone although some weak ecoclinal characteristics could also be 
suggested. In terms of species membership, clearly community 'A ' was quite 
diverse wi th species 'coming in and out ' , the transitional area (if taken to fall 
between quadrats 10 and 12) was less diverse, community 'B ' displayed a 
change in species composition. This inferred that the transitional area had 
species in common wi th the adjacent plant communities wi th just one species 
'coming in' and possibly being unique to this zone. If the transitional area had 
more unique species the pattern anticipated would be considerably more varied 
than displayed here. Thus the interpretation was presented as summarised for 
site 01 in table 7.25 below. 
All transects were treated in this manner and the interpretations presented in 
Tables 7.25 to 7.28 below. 
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FIGURE 7.12 Site D1 - species gain, loss and overall change 
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Quadrat to quadrat 
FIGURE 7 .13 Site D1 - species replacement 
/. Dartmoor data (Table 7 .25) 
The t ransects c lear ly re f lec ted some var iabi l i ty bu t overal l th is invo lved 
on ly a smal l to ta l number of species w h i c h sugges ted tha t at th is 
locat ion the vege ta t ion w a s relat ively u n i f o r m . 
SITE General Comments 
D1 Ecotonal tendencies were demonstrated across this transect. The greater 
number of species were on either side of the transitional area, with lowest 
diversity across transitional area itself. 
Transitional area - quadrats 7-10. 
Transitional type - Ecotone/mosaics. 
D2 Mosaics dominated this transect with increasing variability occurring from 
quadrat 3 onwards. From the results community 'A' was less diverse than 
the transitional area or community 'B ' . 
Transitional area - quadrats 8-1 5. 
Transitional type - Mosaics, with possible ecotone characteristics. 
D3 This transect reflected an ecotone with the variability increasing across the 
transitional area and into community 'B ' . 
Transitional area - quadrats 6-9. 
Transitional type - Ecotone/mosaics. 
D4 Mosaics dominated this site and the values reflected high variability across 
the transect. 
Transitional area - quadrats 6-10. 
Transitional type - Mosaics/ecotone. 
D5 The vegetation appeared to be relatively homogenous within this transect. 
Although some variability was evidenced the dominant transitional type 
appeared to support an ecocline. Community 'B' appeared to be more diverse 
in nature than community 'A' . 
Transitional area - quadrats 6-11. 
Transitional type - Ecocline/low mosaics. 
TABLE 7 .25 Dar tmoor - species rep lacement 
//. Snowdonla data (Table 7 .26) 
The resul ts for th is locat ion d isp layed l o w var iabi l i ty overa l l , w h i c h 
suppor ted the f ie ld observa t ions . M o s t t rans i t ions were ident i f iab le bu t 
the l o w var iabi l i ty c o m p o u n d e d the d i f f i cu l t y in recogn is ing bo th their 
t rue ex ten t and their dominan t charac ter is t ics . 
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SITE General Comments 
S I Some variability was displayed across the transect which favoured ecotonal 
tendencies. 
Transitional area - possibly quadrats 9-13. 
Transitional type - ecotone/low mosaics. 
S2 An ecotone boundary was presented with a transitional area between 
quadrats 10 to 14. Here the transitional area was more diverse than the 
adjacent plant communities. 
Transitional area - quadrats 10-14. 
Transitional type - ecotone. 
S 3 The pattern here supported an ecocline with a transitional area between 
quadrats 4 and 9. Community 'A' was fairly uniform and the transitional area 
displayed negligible change in species. Overall the variability low. 
Transitional area - quadrats 4-9. 
Transitional type - ecocline. 
S4 Mosaics featured here making the transitional area difficult to identify. The 
transect displayed some variability in species composition throughout. 
Transitional area - unclear. 
Transitional type - mosaics. 
TABLE 7 .26 Snowdon ia - species rep lacement 
/ / / . North York Moors data (Table 7 .27) 
The l o w var iabi l i ty made these graphs qui te d i f f i cu l t to In terpret . This 
impl ied tha t the commun i t i es sampled we re qu i te un i f o rm and tha t the 
compos i t i on of the t ransi t ional area did no t d i f fer substant ia l l y f r om their 
ad jacent p lant commun i t i es . 
/V. Barra data (Table 7 .28) 
This locat ion clearly ref lected the mos t d iverse vege ta t i on in te rms of 
species compos i t i on and f lor is t ic var iab i l i ty . The resul ts re in fo rced this 
var iabi l i ty w h i c h o f t en comp l i ca ted the overal l pa t terns p resen ted . 
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SITE General Comments 
N1 The pattern reflected both ecotonal and ecoclinal tendencies here with overall 
low variability. The transitional area was the least varied with the adjacent 
plant communities displaying overall homogeneity. 
Transition - quadrats 8-12. 
Transitional type - ecotone/mosaics. 
N2 Variability was low but the pattern could support an ecotone. The extent of 
the transitional area was unclear but possibly occurred between quadrats 5 
and 7. 
Transition - quadrats 4-7. 
Transitional type - ecotone/mosaics. 
N3 Low variability with possibly an ecotone was presented here. The transitional 
area was unclear from the graphs. 
Transition - unclear. 
Transitional type - mosaics. 
N4 A possible ecotone boundary between quadrats 8 and 11. Community 'A' 
displayed greater variability than community 'B' which demonstrated 
negligible change. 
Transition - quadrats 8-11. 
Transitional type - ecotone. 
N5 Although the number of species moving in and out was relatively low mosaics 
complicated the boundary type. The transitional area was difficult to identify 
from the graphs. 
Transition - unclear. 
Transitional type - mosaics. 
N6 An ecotone with mosaics in community 'B' was represented here with the 
transition occurring between quadrats 5 and 6. The variability overall was 
negligible. 
Transition - quadrats 4-6. 
Transitional type - ecotone. 
TABLE 7 .27 Nor th York Moors - species rep lacement 
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SITE General Comments 
B1 The dominant boundary type appeared to favour an ecotone with the 
transitional area extending between quadrats 11 and 16. Variability across 
the transect was noticeable but quite uniform. This indicated that mosaics 
were not a dominant feature here. 
Transition - quadrats 10-13. 
Transitional type - ecotone/mosaics. 
B2 Mosaics dominated this site with the vegetation being quite diverse across 
the transect. The greatest variability was in community 'A'. The transitional 
area difficult to pinpoint but a change in the pattern was noticed between 
quadrats 19 and 31. 
Transition - unclear. 
Transitional type - mosaics. 
B3 Mosaics dominated but with possible ecotonal tendencies between quadrats 
13 and 19. Variability in species composition across the transect was quite 
marked. 
Transition - between quadrats 13-19. 
Transitional type - mosaics/ecotone. 
84 Here an ecotone was present between quadrats 8 and 13. Variability across 
the transect existed but was relatively low. Community 'A' was more 
homogeneous than both the transitional area and community 'B ' . 
Transition - quadrats 8-13. 
Transitional type - ecotone/low mosaics. 
85 This represented an ecotone with low mosaicing. The variability within the 
transitional area was relatively low. 
Transition - quadrats 5-8. 
Transitional type - ecotone/mosaics. 
86 Ecoclinal tendencies with greater variability displayed in adjacent plant 
communities than in the transitional area. 
Transition - quadrats 3-7. 
Transitional type - ecocline/mosaics. 
87 Mosaics featured strongly however the transect also favoured an ecocline. 
There was high variability overall and it was difficult to identify the extent of 
the transitional area. The diversity in the vegetation here was clearly 
demonstrated. 
Transition - possibly quadrats 9-23. 
Transitional type - mosaics/ecocline. 
88 An ecotone with low variability. The transition between one community and 
the next displayed the greatest difference. 
Transition - quadrats 3-4. 
Transitional type - ecotone. 
TABLE 7 .28 Barra - species rep lacement 
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7.3.3.1 Overview 
The purpose of exp lor ing species rep lacement w a s to demons t ra te the nature 
of the boundary , par t icu lar ly in te rms of whe the r species we re c o m m o n to 
ad jacent commun i t i es or unique to the t ransi t ional area. The resul ts enabled 
some in ference to be made about the ex ten t of the boundary . 
Perhaps the greatest l imi ta t ion w a s ' w h i c h ' spec ies. W h a t remained unclear 
w a s w h e t h e r a change be tween quadra ts w a s s imply the omiss ion of one or 
more species w i t h i n the commun i t i es . The potent ia l of th is measure remained 
under ut i l ised and its t rue potent ia l cou ld be in u l t imate ly t rans la t ing actua l 
species in fo rmat ion in process i n fo rma t ion , rather than rest r ic t ing it s imply to 
the pa t te rns d isp layed w i t h i n the vege ta t i on . 
7.3.4 Species richness 
Species r ichness exp lored var ia t ion across the t ransec t to help determine 
whe the r species w e r e c o m m o n t h roughou t or w h e t h e r a var ie ty of d i f fe ren t 
species made appearances t h roughou t the t ransec t . This comp lemen ted the 
species rep lacement m e t h o d , but here the focus w a s on the role of mosa ics as 
opposed to the t ype and ex ten t of the boundary t ype . 
The resul ts f r om this are presented graphica l ly and the c o m m e n t s f r o m these 
graphs can be f ound in Tables 7 .29 to 7 .32 for all loca t ions . The Q/S index 
w a s ca lcu la ted by d iv id ing the number of quadra ts by the to ta l number of 
species w i t h i n each t ransect , w h i c h p rov ided a measure of var iab i l i ty . A lso 
inc luded in these tables are the s tat is t ica l summar ies for each t ransec t . This 
in fo rmat ion relates to the to ta l number of species f o u n d in each t ransec t 
together w i t h the m i n i m u m , m a x i m u m and mean number across the t ransec t . 
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The reason for inc lud ing th is w a s to suppor t the in terpre ta t ions deduced f r o m 
the g raphs . As d iscussed in chapter 6 , sec t ion 6 . 3 . 4 , a f ive- fo ld c lass i f ica t ion 
w a s dev ised w h i c h w a s based on the percentage species r ichness: -
0 - 2 0 % = l o w var iabi l i ty (/) 
21 - 4 0 % = l o w to modera te var iabi l i ty U-m) 
41 - 6 0 % = modera te var iabi l i ty im) 
61 - 8 0 % = modera te to h igh var iabi l i ty {m-h) 
81 - 1 0 0 % = h igh var iabi l i ty (/?) 
The graphs w e r e read by ini t ial ly separat ing ou t quadrats w h i c h w e r e readi ly 
ident i f iable in to groups and then ind icat ing the var iab i l i ty . Where ad jacent 
g roups had the same overal l pa t te rn (ie w h e r e the major i ty of the quadra ts fell 
w i t h i n a spec i f ied range), these we re then ama lgamated . 
Site D1 is used to i l lustrate h o w each graph w a s in te rpre ted . Refer also to the 
theore t ica l l imits p roposed (Figure 6 .2 (v)) . 
SITE General Comments O/S Index 
D l Fairly high species richness occurred across the transect which 
implied that high variability existed. 
Quadrats 7 to 11 could mark the transitional area, here less 
variability presented itself. 
Transitional type - ecotone, some mosaics. 
Variability: m. 
17q / 25sp 
/ = 0.68 
No of species = 21 Min = 5; Max = 16; Mean = 11.3 (54%) 
The graph (Figure 7 .14) i l lust rated qui te h igh va lues across the t ransec t w i t h 
the l o w e s t va lues in quadra t 11 (5 species - 2 4 % ) . It w a s possible to ident i fy 
three g roup ings : i) quadrats 1 to 6 ; ii) quadra ts 7 to 11 and iii) quadra ts 12 to 
17 . The overal l pa t terns we re i) = modera te to h igh var iab i l i ty ; ii) = modera te 
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FIGURE 7 . 1 4 Site D1 - species r ichness 
var iab i l i ty ; and iii) = modera te var iabi l i ty . Groups ii) and III) w o u l d therefore 
be comb ined and the var iabi l i ty recorded as quadra ts 1-6 = modera te to high 
var iab i l i ty ; quadra ts 7 to 17 = modera te var iabi l i ty . Overal l the va lues were 
close to the mean and th is sugges ted tha t the r ichness w a s rhoderate across 
the t ransect w i t h a decreas ing propor t ion i l lustrated b e t w e e n quadra ts 7 and 
1 1 . One assumpt ion cou ld be that here, w i t h i n the t rans i t ional area, the 
vege ta t ion w a s less d iverse. Wha t this impl ied w a s tha t if these quadra ts 
represented the t rans i t ional area then the t rans i t ional area con ta ined less 
species than the ad jacent commun i t i es /o the r samples across the t ransect . 
Whether these species we re c o m m o n to the adjacent p lant commun i t i es or 
un ique to the t rans i t ional area itself w a s unclear f r om these resul ts . 
It w a s d i f f i cu l t to m a t c h the pat terns observed w i t h the theore t ica l l imits 
p resented . 
Tables 7 .29 to 7 .32 present the in terpre ta t ions of the graphs c rea ted for each 
t ransect . 
/. Dartmoor data (Table 7 .29) 
From the mean va lues presented it can be seen tha t the overal l var iabi l i ty 
for this locat ion w a s modera te w i t h mosa ics clear ly ev ident . 
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SITE General Comments Q/S Index 
D1 Fairly high species richness occurred across the transect which 
implied that high variability existed. 
Quadrats 7 to 11 could mark the transitional area, here less 
variability presented itself. 
Transitional type - ecotone, some mosaics. 
Variability: m. 
1 7 q / 2 5 s p 
/ = 0.68 
No of species = 21 Min = 5; Max = 16; Mean = 11.3 (54%) 
0 2 A gradual fluctuation was observed with the lowest point being at 
quadrat 10. The low values indicated that variability was quite 
low across the transect. 
Transitional type - mosaics dominated. 
Variability: quadrats 1-7 = m-l; quadrats 8-18 = m. 
23q / 48sp 
/ = 0.48 
No of species = 4 5 Min = 11; Max = 22; Mean = 16.6 (37%) 
D3 The species richness was fairly constant across the transect with 
the greatest variety occurring in quadrat 12. The species richness 
graph displayed notable variability across the whole transect. 
Transitional type - mosaics with ecotonal tendencies. 
Variability = m-h. 
18q / 33sp 
/ = 0.55 
No of species = 30 Min = 8; Max = 17; Mean = 13.2 (44%) 
D4 Overall the transect displayed low species richness. Some 
mosaicing was evident and the transition possibly occurred 
between quadrats 5 to 12. 
Transitional type - mosaics. 
Variability = m-l. 
18q / 36sp 
/ = 0.50 
No of species = 34 Min = 9; Max = 17; Mean = 13 (38%) 
D5 The values fluctuated throughout which reflected varied diversity 
across the transect. 
Transitional type - mosaics, possible ecotone. 
Variability = m. 
20q / 27sp 
/ = 0.74 
No of species = 23 Min = 7; Max = 16; Mean = 13.3 (58%) 
TABLE 7 .29 Dar tmoor - species r ichness 
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//. Snowdonia data (Table 7.30) 
Var iab i l i ty across the t ransects here w a s modera te , h o w e v e r the l o w 
m i n i m u m values for species in quadra ts and the l o w to ta l number of 
species in quadra ts ind icated that overal l d ivers i ty at this locat ion w a s 
l o w . Whi ls t the to ta l number of species w e r e obv ious ly in f luent ia l it w a s 
possible to consider var iabi l i ty w i t h i n t ransec ts . Quadrat to species 
rat ios sugges ted l o w var iabi l i ty at th is l oca t ion , suppor t i ng observa t ions 
made of the general area. 
SITE General Comments Q/S Index 
s i An overall decline in species richness across the transect was 
observed. This suggested that community 'A' was more varied 
than community 'B ' . 
Transitional type - both ecoctinal and ecotonal characteristics. 
Variability mixed: quadrats 1-12 = m; quadrats 13-18 = m-l. 
18q / 2 7 s p 
/ = 0.67 
No of species = 23 Min = 5; Max = 15; Mean = 10.9 (47%) 
S 2 The values were quite varied which supported mosaics. 
Transitional type - ecotone, low mosaics. 
Variability: m. 
24q / 28sp 
/ = 0.86 
No of species = 26 Min = 7; Max = 1 7 ; Mean = 1 1 . 5 (44%) 
S 3 The pattern displayed a gradual increase in species richness 
across the transect. 
Transitional type - ecotone. 
Variability: quadrats 1-5 = m-l; quadrats 6-12 = m. 
12q / 23sp 
/ = 0.52 
No of species = 20 Min = 6; Max = 16; Mean = 9.3 (47%) 
S4 Community 'A' was rich in species and community 'B ' was poor 
in species. 
Transitional type - ecocline/mosaics. 
Variability: quadrats 1-6 = m; quadrats 7-20 = m-l. 
20q / 33sp 
/ = 0.61 
No of species = 30 Min = 3; Max = 19; Mean = 11,3 (38%) 
TABLE 7 . 3 0 Snowdon ia - species r ichness 
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/ / / . North York Moors data (Table 7 .31) 
Here the to ta l number of species overal l w a s l o w but by conver t i ng 
these va lues to ref lect the p ropor t ion in each quadra ts compared to the 
to ta l for the t ransect enabled the degree of var iab i l i ty to be eva lua ted . 
This resul ted in mos t t ransects d isp lay ing notab le var iab i l i ty . 
SITE General Comments Q/S Index 
N1 Several peaks and troughs were identified which indicated the 
influence of mosaics. The low values indicated that the 
vegetation was quite homogeneous. 
Transitional type - ecotone/mosaics. 
Variability: m-l. 
20q / 24sp 
/ = 0.83 
No of species = 21 Min = 3; Max = 11; Mean = 6.9 (33%) 
N2 Across this transect the shift between variability and similarity 
was quite marked. It was difficult to categorise or separate out 
specific quadrats therefore the variability was described as mixed. 
Transitional type - ecotone with mosaics. 
Variability: mixed. 
14q / 32sp 
/ = 0.44 
No of species = 28 Min = 3; Max = 24; Mean = 13.7 (49%) 
N3 This transect displayed variety with some quadrats being rich in 
species. However the low total number of species and the low 
mean indicated that this transect had overall low variability and 
was particularly species poor. 
Transitional type - ecotone. 
Variability: m-l. 
12q / 15sp 
/ = 0.80 
No of species = 11 Min = 1; Max = 6; Mean = 3.6 (33%) 
N4 Quadrats 3 and 13 displayed the greatest variability across the 
transect but overall the proportions were quite similar. 
Transitional type - unclear. 
Variability: m-l. 
18q / 17sp 
/ = 1.06 
No of species = 16 Min = 2; Max = 10; Mean = 5,3 (33%) 
N5 There were two distinct areas to this transect with community 'B' 
being more diverse than community 'A' . 
Transitional type - ecotone. 
Variability: quadrats 1-7 = m-l; quadrats 8-15 = m. 
15q / 27sp 
/ = 0.56 
No of species = 26 Min = 4; Max = 16; Mean = 10.8 (42%) 
N6 Slight variation observed across the transection. 
Transitional type - unclear (possible ecotone). 
Variability: m. 
8q / 9sp 
/ = 0.89 
No of species = 6 Min = 2; Max = 4; Mean = 3.3 (55%) 
TABLE 7.31 Nor th York Moors - species r ichness 
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/V. Barra data (Table 7.32) 
A m ixed pat te rn w a s presented here and w a s obv ious ly a f f ec ted by bo th 
the large number of samples taken in some t ransec ts and the 
he te rogeneous nature of the vege ta t ion at th is loca t ion . 
7.3.4.1 Overview 
This c o m p l e m e n t e d the species rep lacement m e t h o d and p rov ided usefu l 
suppor t i ve i n fo rma t ion . A n a t t emp t w a s made to demons t ra te var iab i l i ty and 
a l though this w a s ach ieved there we re sti l l recognisable l im i ta t ions. These 
par t icu lar ly re lated to ' w h i c h ' spec ies. Unti l the species are ident i f ied it is no t 
possible to obta in m u c h more f r om this techn ique . 
7.3.5 Species ratio 
Species rat io graphs we re created to observe the progress ion of one 
c o m m u n i t y to the nex t . The theoret ica l l imits are p resented in Figure 6 .2 (vi) 
and d iscussed in sec t ion 6 . 3 . 5 . 
This m e t h o d represents a s imple ' A ' ' B ' ' C separat ion whe re species rat io 
graphs w e r e created w i t h 2 5 % of the to ta l number of quadra ts f r o m either end 
represent ing commun i t i es ' A ' and ' B ' and the remain ing quadrats represent ing 
the ' C spec ies. 
Site D1 is used to exempl i f y the process w i t h Figure 7 .15 i l lus t ra t ing the 
Species Ratio g raph p roduced for th is s i te . The same process w a s repeated 
w i t h all t ransec ts and summar ised in Tables 7 .33 to 7 . 3 6 . 
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SITE General Comments Q/S Index 
81 From the graph the second community had more species than the 
first but overall the pattern was quite regular. 
Transition type - unclear. 
Variability: quadrats 1-13 = m and m-l; quadrats 14-24 = m. 
24q / 35sp 
/ = 0.69 
No of species = 33 Min = 10; Max = 20; Mean = 14.5 (44%) 
82 Here community 'A' was more varied than community 'B ' and a 
split appeared to occur between quadrats 21 and 22. 
Transitional type - ecotone. 
Variability: quadrats 1-8 = m; quadrats 9-44 = m-l. 
44q / 62sp 
/ = 0.71 
No of species = 59 Min = 10; Max = 31; Mean = 20.5 (35%) 
83 There was a low proportion of species richness across the 
transect. 
Transitional type - mosaics. 
Variability: quadrats 1-24 = m-l; quadrats 25-43 = 1. 
43q / 77sp 
/ = 0.56 
No of species = 74 Min = 5; Max = 29; Mean = 16.1 (22%) 
84 A mixed pattern was presented here. 
Transitional type - unclear (possible ecotone). 
Variability: m-l. 
25q / 47sp 
/ = 0.53 
No of species = 45 Min = 4; Max = 27; Mean = 15.9 (35%) 
85 Variety was displayed throughout this transect, with the two plant 
communities being less diverse than the transitional area 
(represented by the middle part of the graph). 
Transitional type - ecocline. 
Variability: m. 
16q / 38sp 
/ = 0.40 
No of species = 38 Min = 12; Max = 24; Mean = 17.5 (46%) 
86 The values were fairly consistent throughout this transect. 
Transitional type - unclear. 
Variability: m. 
1Oq / 30sp 
/ = 0.33 
No of species = 30 Min = 16; Max = 21; Mean = 18.6 (62%) 
87 A varied pattern was presented here although two groupings 
could be detected within this panern. 
Transitional type - ecotone/mosaics. 
Variability: quadrats 1-21 = m-l to 1; quadrats 22-40 = m-l. 
40q / 61 sp 
/ = 0.66 
No of species = 59 Min = 3; Max = 24; Mean = 51.2 (26%) 
88 A uniform pattern existed across the transect. 
Transitional type - ecocline. 
Variability: m-h. 
6q / 34sp 
/ = 0.18 
No of species = 34 Min = 23; Max = 29; Mean = 24.8 (73%) 
TABLE 7 .32 Barra - species r ichness 
297 
00 
0) 
O) 
(D 
*-» 
c 
e 
100% 
90% 
80% 
70% 
60% 
50% 
40% 
30% 
20% 
10% 
0% 4 
8 9 10 11 
Quadrat number 
12 13 14 15 16 17 
lA Dc Mb 
FIGURE 7 .15 Site D1 - A B C species ratio 
It w a s apparent f r om this graph tha t a l though species ' A ' and species ' B ' we re 
represented the graph w a s domina ted by ' C spec ies . Wha t cou ld be 
in terpre ted w a s tha t t w o d i f fe ren t p lant commun i t i es had been samp led , but 
that there w a s considerable over lap be tween species be longing to the plant 
commun i t i es and species be longing to the t ransi t ional area. 
No clear boundary type w a s ident i f iable f rom the graph bu t th is pa t te rn in ferred 
tha t mosa ics p layed a s ign i f icant role here (due to the h igh propor t ion of ' C 
species) . 
/. Dartmoor species ratio data (Table 7 .33) 
Mosa ics were p rominen t in the species rat io graphs for this locat ion and 
o f ten comp l i ca ted the boundary types . 
SITE Graph 
D l Although communities 'A' and 'B ' can be observed (through their appearance 
on the graph) the majority of species were either common to both or exclusive 
to the transitional area C C species). No clear boundary type was discernible. 
The high proportion of ' C species implied the presence of mosaics. 
D2 A gradual change from 'A' to 'B ' was evident, with ' C species being present 
throughout the transect. The transitional area appeared to fall between 
quadrats 8 and 17 at its maximum width and could reflect both an ecotone or 
an ecocline. 
D3 The pattern here was dominated by mosaics, with ecotonal and ecoctinal 
tendencies. Ecotonal characteristics were observed in the patterns between 
quadrats 6 and 7. However the transitional area could extend between 
quadrats 6 and 11 thus ecoclinal traits were also possible. 
D4 No obvious trend. Whilst 'A' and 'B ' species existed they were in the minority 
indicating the dominance of mosaics at this transect. 
D5 The pattern o f A' and 'B ' species indicated that two communities had been 
sampled. However the dominant pattern reflected mosaics with weak ecotonal 
tendencies. The transitional area possibly extended between quadrats 6 and 
12. 
TABLE 7 . 3 3 Dar tmoor - species rat io 
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//. Snowdonia species ratio data (Table 7.34) 
Mosaics appeared to dominate these transects identified by the high 
proportion of ' C species. 
S I T E Graph 
81 A n interesting pattern presented itself here with the presence of ' C s p e c i e s 
reflecting the role of m o s a i c s . The change from one community to the next 
occurred between quadrats 8 and 1 3 w h i c h indicated both ecotonal and 
ecocl inal tendencies , although m o s a i c s compl icated the boundary type. 
8 2 M o s a i c s dominated this t ransect with no speci f ic boundary type identifiable. 
8 3 ' A ' and ' B ' spec ies feature strongly a c r o s s this t ransect . T h e boundary type 
reflected strong ecoclinal tendencies although it could be suggested that 
ecotonal traits were also evident. The transitional area appeared to fall be tween 
quadrats 4 and 8. 
3 4 A t this t ransect m o s a i c s were clearly evident and masked the transitional type. 
T h e transitional area appeared to fall between quadrats 6 and 10 and although 
the boundary type w a s unclear some ecotonal tendencies were detected. 
TABLE 7.34 Snowdonia - species ratio 
///'. /Vorr/i York D/loors species ratio data 
The patterns from the species ratio graphs were quite complex here and 
it was often diff icult to identify whether two plant communities had been 
sampled. 
iv. Barra species ratio data 
This location contained the greatest variability and this was reflected by 
the dominance of mosaics. 
3 0 0 
S I T E Graph 
N1 Whilst m o s a i c s were clearly present the dominant boundary type favoured an 
ecocl ine with the transitional area falling between quadrats 5 and 1 5 at its 
extreme, or more conservat ively between quadrats 10 and 13 . T h e pattern 
indicated m o s a i c s and within the transitional area it would appear that there 
were spec ies common to both adjacent plant communi t ies . 
N 2 No clear pattern here. 'C spec ies dominated and there w a s no ev idence of any 
exc lus ive ' A ' s p e c i e s . Th is could indicate that two distinct communit ies had 
not been sampled . Similarly it could simply be a reflection of the influence and 
dominance of mosa ics masking the boundary type. 
N3 A n interesting pattern emerged from this t ransect . Whilst ' A ' and ' B ' 
communit ies were identifiable no clear boundary type w a s evident. Th is would 
indicate a mosaic dominance. The boundary could exist between quadrats 5 
and 9. 
N4 Communi ty ' B ' spec ies dominate this t ransect . Al though m o s a i c s were evident 
the transitional type more closely reflected an ecocl ine with a gradual change 
from one community to the next. Quadrats 5 to 1 3 mark the transitional area. 
N5 Although m o s a i c s feature strongly s o m e ecotonal tendencies were evident in 
this graph. The transitional area appeared to fall be tween quadrats 6 and 8. 
N6 No clear pattern emerged and ' A ' spec ies failed to make an appearance and ' C 
s p e c i e s clearly dominated the graph. Whilst it could be argued that m o s a i c s 
were therefore important within this t ransect , this could a lso simply be a 
reflection of this unusual t ransect . 
TABLE 7.35 North York Moors - species ratio 
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S I T E Graph 
B1 T w o distinct communit ies have been sampled. ' C s p e c i e s dominate overall 
v\/hich reinforced the role of m o s a i c s . The transitional area could fall be tween 
quadrats 9 and 1 5. It would appear that although ecotonal tendencies exist 
there were also ecoclinal tendencies represented by an apparent gradual change 
of s p e c i e s . 
B 2 Mosa ics were evident with the majority of the t ransect dominated by ' C 
s p e c i e s . T h e transitional type w a s difficult to discern but favoured an ecotone. 
B 3 Here ecoclinal tendencies were illustrated in the graph with some mosaic ing. A 
gradual change from ' A ' spec ies through to ' C spec ies and into ' B ' spec ies w a s 
observed , with the transitional area falling between quadrats 15 to 2 3 . 
8 4 The overriding feature here w a s m o s a i c s . It would appear that t w o 
communit ies had been sampled but ' C spec ies dominate complicating the 
boundary type. Quadrats 11 to 13 form p a n of the transitional area. 
8 5 Mosa ics were evident in this t ransect , and a gradual change from one 
communi ty to the next w a s observed . The type w a s unclear from the pattern 
presented, although the transition could occur between quadrats 5 and 7. 
8 6 ' C s p e c i e s dominated this t ransect and m o s a i c s compounded the difficulty in 
identifying the dominant transitional type. Quadrats 3 to 8 possibly marked the 
transitional area. 
8 7 Th is t ransect w a s clearly highly variable and included a large number of samples 
(quadrats) resulting in ' C spec ies dominating the pattern. T h e only conclus ion 
from this graph w a s that the vegetation w a s diverse and mosa ics dominated. A 
distinct change from one community to the next w a s observed but the 
transitional type w a s unclear. 
8 8 At this t ransect although ' C spec ies dominated there w a s a clear change from 
one community to the next between quadrats 3 and 4 . Th is supported an 
ecotonal boundary with low m o s a i c s . 
TABLE 7.36 Barra - species ratio 
7.3.5.1 Overview 
Here a new method for identifying and characterising boundaries between plant 
communities has been created. The graphs provided a useful starting point but 
it was apparent that they contained too much 'noise' to be meaningful in 
elucidating sufficient information in isolation to enable satisfactory 
interpretations to be made. 
3 0 2 
The species ratio component complemented ail the techniques as it focused on 
the membership of species within samples and looked at the change across the 
transect. Again, as with all the methods, 'noise' within the data affected the 
results and thus hindered the interpretation of the output from this technique. 
7.4 Summary of the data analysis 
Whilst the findings for the individual methods have been presented in Tables 
7.1 to 7.36 inclusively, it is necessary to consolidate that Information. Part i) 
of the aims had been successfully achieved, therefore parts ii) and li) were the 
focus of the next stage, namely the extent and nature of the transitional area. 
Tables 7.37 to 7.40 provide summaries of the information derived from each 
method. The key at the foot of each Table identifies the notations/ 
abbreviations used. The transitional area (ra) identifies the quadrats included 
in this zone by the various methods. In some instances two ranges are 
provided (separated by ' / ' ) . This simply indicates that the interpretation 
revealed two possible transitional areas and therefore both are included. 
3 0 3 
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M:T 
V = m-l 
M 
ta = unclear 
M 
T/C/M 
D5 T/C:M ta = 7-13 
C:M 
ta = 7-13 
C:M 
ta = 6-12 ta = 6-11 
M 
ta = 7-8 
T:M 
ta = 6-11 
C:M 
V = m 
M:T 
ta = 6-12 
M:T 
T 
o 
TABLE 7.37 Dartmoor - summary of data analysis 
K E Y : 
T = ecotone; C = ecocl ine; M = m o s a i c s . The order in wh ich they appear indicates the order of importance within the transect; the : indicates a minor 
role. 
ta = transitional area; the numbers which follow relate to the quadrats. 
V - variability and I = low; l-m = low to moderate; m = moderate; m-h = moderate to high and h = high. 
In the Spec/'es Ratio Index the order of letters indicates decreasing strength of signal. 
SITE Mapping Squared 
Euclidean 
Distance 
Czekanowski's 
Coefficient 
Real 
Distance 
TWINSPAN DECORANA Species 
Replacement 
Species 
Richness 
Species Ratio 
Graph Index 
S I T-M ta = 7-12 
C:M 
ta = 7-12 
T/C:M 
ta = 6-10 ta = 8-12 
T/C:M 
ta = unclear 
(8-10) 
T:M 
ta = 9-13 
T:M 
V = m/m-l 
T/C 
ta = 8-13 
T/C:M T/C 
3 2 T:M ta = 7-12/12-16 
M:T 
ta = 10-16 
T/C:M 
ta = 8-14 ta = 8-13 
M:T 
ta = unclear 
(7-101 
M 
Ta = 10-14 
T 
V = m 
T:M 
ra = unclear 
M 
C/M/T 
S 3 T/C:M ta = 4-9/3-8 
T:M 
ta = 4-8/3-8 
CM 
ta = 4-9 ta = 5-10 
C:M 
ta = 6-8 
C:M 
ta = 4-9 
C 
V = m/m-l 
T 
ta = 4-8 
C/T:M 
cn-
S 4 C:M ta = 6-13 
M:T/C 
ta = 6-13/ 
7-16 
M:C 
ta = 7-14 ta = 8-13 
T:M 
ta = 7-9 
M 
ta = unclear 
M 
V = m/m-l 
C/M 
/•a = 6-10 
M:T 
C/T/M 
o 
TABLE 7.38 Snowdonia - summary of data analysis 
K E Y : 
T = ecotone; C = ecocl ine; M = m o s a i c s . The order in which they appear indicates the order of importance within the transect; the : indicates a minor 
role. 
ta = transitional area; the numbers which follow relate to the quadrats. 
V = variability and I = low; l-m = low to moderate; m = moderate; m-h = moderate to high and h = high. 
In the Spec/es Ratio Index the order of letters indicates decreasing strength of signal. 
SITE Mapping Squared 
Euclidean 
Distance 
Czekanowski's 
Coefficient 
Real 
Distance 
TWINSPAN DECORANA Species 
Replacement 
Species 
Richness 
Species Ratio 
Graph Index 
N1 C/T:M ta = 5-10 
M:T 
ta = 5-9 
M:C 
ta = 5-11 ta = 9-14 
T:M 
ta = 9-13 
C:M 
ta = 8-12 
T/M 
V = m-l 
T:M 
ta = 5-15/ 
10-13 
C:M 
C/T 
N2 T:M ta = 4-8 
M 
ta = 4-8 
M 
ta = 6-11 ta = 4-9 
C:M 
ta = 4-9 
M 
ta = 4-7 
T/M 
V = mixed 
T:M 
ta = unclear 
M 
C/T 
N3 T ta = 4-7 
C:M 
ta = 4-6/5-8 
T:M 
ta = 6-9 ta = 7-10/5-9 
M:C 
ta = unclear 
T:M 
ta = unclear 
M 
V = m-l 
T 
ta = 5-9 
M 
T/C/M 
N4 T ta = 5-9/5-11 
M 
ta = 5-11 
T:M 
ta = 5-11 ta = 8-13 
M:C 
ta = 8-13 
T:M 
ta = 8-11 
T 
V = m-l 
unclear 
ta = 5-13 
C:M 
T/C/M 
N5 T:M ta = 7-8/6-10 
C 
ta = 7-9/6-10 
T:M 
ta = 7-9 ta = 7-11 
T/C:M 
ta = unclear 
(8-10) 
T:(V1 
= unclear 
M 
V = m/m-l 
T 
ta = 6-8 
M:T 
T/C/M 
N6 T:IVI ta = 4-5 
T 
ta = 4-5 
T 
ta = 4-5 ta = 4-5 
C:M 
ta = unclear 
M 
ta = 4-6 
T 
\ / = m 
T 
ta = unclear 
M 
T 
o 
TABLE 7.39 North York Moors - summary of data analysis 
K E Y : 
T = ecotone; C = ecocl ine; M = mosa ics . The order in which they appear indicates the order of importance within the transect; the : indicates a minor 
role. 
ta = transitional area; the numbers which follow relate to the quadrats. 
V = variability and I = low; l-m = low to moderate; m = moderate; m-h = moderate to high and h = high. 
In the Species Ratio index the order of letters indicates decreasing strength of signal. 
SITE Mapping Squared 
Euclidean 
Distance 
Czekanowski's 
Coefficient 
Real 
Distance 
TWINSPAN DECORANA species 
Replacement 
species 
Richness 
species Ratio 
Graph Index 
B1 T:M ta = 6-13 
M:C 
ta = 9-12/ 
6-13 
M 
ta = 9-15 ta = 9-15 
M:T 
ta = 9-13 
T 
ta = 10-13 
T/M 
V = m-l/m ta = 8-12 
T/C:M T/C/M 
B2 T:IVl ta = 1 5-20/ 
15-25 
M 
ta = 13-25 
M:T 
ta = 12-16/ 
12-21 
ta = unclear 
M:C 
ta = unclear 
18-22/24 
M 
ta = unclear 
(19-31) 
M 
V = m/m-l 
T 
ta = 9-15 
M:T 
T/C/M 
B3 C/T:M ta = 11-34 
M:T 
ta = unclear 
(15-16) 
M 
ta = 8-14 ta = 21-36 
T:M 
ta = 21-34 
M 
ta = 12-19 
M:T 
V = l/m-l 
M 
ta = unclear 
C:M 
C/T/M 
84 T:IV1 ta = 8-17 
M:C 
ta = 8-17/ 
11-15 
M 
ta = 11-17 ta = 11-15 
M:T 
ta = 9-14 
M:T 
ta = 8-13 
T:M 
= m-l 
T 
ta = 15-23 
M 
C/T/M 
85 T:M ta = 4-7/4-9 
T:M 
ta = 4-7/7-10 
T:M 
ta = 8-9 ta = 4-10 
C:M 
ta = 9-10 
C:M 
ta = 5-8 
T:M 
V = m 
c 
= 11-13 
M 
T/C/M 
86 T/C:M ta = 6-7 
T:M 
ta = 4-7 
T:M 
ta = 3-7 ta = 5-6 
C 
ta = 5-7 
T/C 
ta = 3-7 
C:IVl 
V = m ta = 5-7 
M 
T/M 
87 M ta = 7-18 
M:T/C 
ta = 6-16 
M 
ta = 8-12/ 
15-23 
ta = 11-15 
T:M 
ta = unclear 
T:M 
ta = 9-23 
M:C 
V = l/m-l 
T/M 
fa = 3-8 
M 
C/T/M 
88 T:M ta = unclear 
C 
ta = unclear 
C 
ta = unclear 
(2-3) 
ta = unclear 
C:M 
ta = unclear 
T/C:M 
ta = 3-4 
T 
V = m-h 
c 
ta = 3-4 
T:M 
T/C 
o 
TABLE 7.40 Barra - summary of data analysis 
K E Y : 
T = ecotone; C = ecocl ine; M = nnosaics. The order in which they appear indicates the order of importance within the transect; the : indicates a minor 
role. 
td = transitional area; the numbers wh ich follow relate to the quadrats. 
V = variability and I = low; l-m = low to moderate; m = moderate; m-h = moderate to high and h = high. 
In the Species Ratio Index the order of letters indicates decreasing strength of signal. 
7.4.1 Overview 
The summary tables reveal that the methods applied to the data clearly 
complement one another, wi th some producing identical results and others 
exposing similar boundaries. The most deviant were generally those wi th the 
most varied vegetation, such as site B7, but even there, some compatibility 
between the results from various methods was observed. Therefore although 
the results were not identical, it was possible to recognise particular trends 
relating to the boundary conditions for each site. 
From this information it should be possible to explore the boundary 
characteristics more fully. 
7.5 The extent and nature of the transitional areas sampled 
To describe the extent and nature of the transitional areas of the sites sampled 
it was necessary to combine the information contained within Tables 7.37 to 
7.40. This consolidation is presented in Table 7 . 4 1 , 
Within the table there are two main components which relate to 
a) the 'extent ' of the transitional area, and 
b) the 'nature' of the boundary type. 
The 'extent ' presents three possibilities for consideration: i) the contracted 
width; ii) the expanded width; and ili) the total range. The 'contracted' and 
'expanded' widths have been determined from individual methods, the 'total 
range' recorded the lowest and highest quadrat identified from within the suite 
of methods. For site D1 these results were:-
3 0 8 
EXTENT :-
quadrats: 6-12; 6-12; 7-12; 6-9; 9-10/7-11; a n d 7-10 
t h e r e f o r e c o n t r a c t e d = 
e x p a n d e d = 
tota l r a n g e = 
q u a d r a t s 9-10 
q u a d r a t s 6-1 2 
q u a d r a t s 6-12 
The type was determined by examining the results from individual methods and 
the sequence presented reflect a decreasing order of importance. For site D l 
the results, in Table 7.37, demonstrate that a variety of interpretations 
regarding boundary type could be made. Acknowledging that the results are 
also presented in order of importance this needed to be taken into consideration 
for the final proposal (Table 7.41). To identify the main boundary type, 
dominance needed to be considered first, fol lowed by any other characteristics 
identified. Site D l is used to exemplify this and the types are further annotated 
with 1, 2, or 3 to indicate the order of importance identified in the results. 
TVPE: -
Boundary 
type: T; T : M ; T : M ; M : T ; C : M ; T : M ; T : M ; M 
=^ T I + T , - I - M J + T , -l-Mj-f-Mi - H T J H - C , + M2 + T1 -1-M2 + T , + M2 + M, 
=> [5T , + 2 M , -f- 1 C J and [5M2 + I T j l = T, M, C 
Here all three boundaries occurred as a dominant type, hence the notation 
T,M,C. Where a type occurred only as a secondary or tertiary component then 
brackets were placed around this letter to indicate that it had not appeared as 
a dominant boundary in any of the results. 
All sites were treated in this manner and the findings are presented in Table 
7 .41 . 
3 0 9 
S I T E Transitional A r e a (quadrats) Boundary T y p e 
contracted 
width 
expanded 
width 
total range 
01 9 - 1 0 6 -12 6 -12 T , M , C 
02 9 -14 8 -17 8 -17 T , C , M 
0 3 6-7 7 -12 6 -12 M ,T ,C 
D 4 7-8 6 -15 6 -15 C , M , T 
D 5 7-8 6 - 1 2 / 7 - 1 3 6 - 1 3 C , M , T 
81 8 - 1 0 7 - 1 2 / 8 - 1 3 6 - 1 3 T , C , ( M ) 
8 2 7 - 1 0 1 0 - 1 6 7 -16 T / M , C 
8 3 6-8 3 - 8 / 4 - 9 / 5 - 1 0 3 -10 C,T, (M) 
8 4 7-9 7 -16 6 -16 M ,C ,T 
N1 1 0 - 1 3 5-15 5 -15 T X , M 
N 2 4 -7 6-11 4-11 M J , C 
N3 4 - 6 5-9 4 - 1 0 T , M , C 
N4 5-9 5 -13 5 - 1 3 T , M , C 
N5 7-8 6 -10/7-11 6-11 T , M X 
N6 4 -5 4 -6 4 -6 T , M X 
B1 1 0 - 1 3 6 - 1 3 6 -15 T , M . C 
B 2 1 2 - 1 6 13 -25 /19 -31 12-31 M J , ( C | 
B 3 1 5 - 1 6 1 1 - 3 4 8 - 3 6 M,C ,T 
8 4 1 1 - 1 5 8 -17 8 - 2 3 M J , { C ) 
8 5 8-9 4 - 1 0 4 - 1 3 T , C . M 
8 6 5 -6 /6 -7 3-7 3-7 T . C . M 
8 7 8 - 1 2 / 1 1 - 1 5 9 - 2 3 3 - 2 3 M J , ( C ) 
8 8 2 - 3 / 3 - 4 2 -3 /3 -4 2-4 C,T , (M) 
TABLE 7.41 Summary of boundary information 
7.5.1 Discussion 
Whilst Table 7.41 presents the consolidation of the findings it still remains for 
the extent and type for each site to be clarified. 
The transitional area has been presented as having three possible widths 
(although for 6 of the sites the 'expanded' extent was also the 'total range'). 
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Therefore whilst these provide an indication of which quadrats may belong to 
the transitional area it was unclear which one should be selected to represent 
the transitional area. The 'contracted' width might be a useful indication of 
quadrat membership to each transitional area, but the quadrats identified were 
not necessarily replicated in all interpretations which threw doubt on selecting 
this one. Similarly, if the 'total range' was selected then the interpretation in 
almost all instances would have to be that the transitional areas displayed 
considerable overlap wi th the adjacent plant communities, and ecologically this 
was an unrealistic assumption. 
Therefore, although there was often substantial overlap between the proposals 
in terms of the 'extent ' of the transitional area it was inappropriate to simply 
select one of these ('contracted', 'expanded' or ' total range') to represent the 
extent of the transitional areas for the sites sampled. Quadrat membership of 
the transitional area thus required rationalisation and simple descriptive 
measures were considered to be an appropriate way to achieve this objectively. 
7.5.2 Extent of the transitional area 
The mode and the mean were calculated for each site and were achieved by 
taking all the first quadrats from the results for each site separately from the 
end points, so that the two extremes would be independently obtained. It was 
decided that the mode would provide the most useful indicator, identifying the 
most frequent quadrat. Where the mode was not available (see site 87) the 
mean values were substituted. In addition to these measures, the mean of the 
two means obtained for each site was calculated to highlight one or two 
quadrats within the proposed transitional area. The reason for doing this was 
that although some scepticism existed as to the total accuracy of the proposed 
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extent, greater certainty could be placed on the assumption that this/these 
quadrat(s) thus identified, belonged to the transitional area. The width of the 
proposed transitional area was then translated into actual distance. It should 
be reiterated that boundaries are not necessarily linear and therefore the metric 
distances were only approximations. The total length (y distance) of the 
transect has also been included in the Table for comparative purposes. 
Once again site D1 is used to exemplify the process:-
EXTENT :-
contracted = quadrats 9-10 
expanded = quadrats 6-1 2 
total range = quadrats 6-1 2 
start: 9 + 6 + 6 => mode = 6; mean = 7 
end: 10 -f 12 -1- 12 => mode = 12; mean = 11 
mean of means 7-1-11/2 = 9 
Table 7.42 presents the extent of the boundary, identified by quadrat 
membership, for each site. 
3 1 2 
S I T E start (s) IVIode IVIean mean of Transitional area Length of 
end (e) means quadrats length (/) t ransect (y) 
D l s 6 7 9 6 -12 5m 4 5 m 
e 12 11 
02 s 8 8 1 1 . 5 8 -15 5m 3 0 m 
e 15 15 
03 s 6 7 8 .5 6-11 9 m 3 0 m 
6 11 10 
D 4 s 7 7 9 .5 7 -13 18m 3 0 m 
e 13 12 
D 5 s 6 6 8 .5 6 - 1 3 9m 3 0 m 
e 1.-5 11 
S I s 8 8 10 8 -12 4 m 2 0 m 
e 12 12 
8 2 s 7 9 11 .5 7 -16 1 3 m 3 0 m 
e 16 14 
8 3 s 4 4 6 .5 4 -8 4 m 12m 
6 8 9 
S 4 s 6 7 10 6 -13 8 m 4 0 m 
e ^:^ 1.-^  
N l s 5 7 9 .5 5 -13 8 . 5 m 3 0 m 
e 13 12 
N 2 s 4 4 6 4 -8 5 .5m 2 0 m 
e 8 8 
N3 s 5 5 6 .5 5-9 13m 3 5 m 
e 9 8 
N4 s 5 6 9 5-11 6 . 5 m 3 0 m 
e 11 12 
N5 s 7 7 8 7 -10 3 m 3 0 m 
e 10 9 
N6 s 4 4 4 . 5 4 -5 2m 10m 
ft 5 5 
B1 s 9 8 1 0 . 5 9 - 1 3 4 m 4 0 m 
e 1 3 13 
8 2 s 15 16 19 1 5 - 2 5 9 m 4 5 m 
e 2 5 2 2 
8 3 s 21 12 19 .5 2 1 - 3 4 10m 4 0 m 
e 3 4 27 
8 4 s 8 10 13 8 -17 5 .5m 4 0 m 
e 17 16 
8 5 s 4 6 7 .5 4 - 1 0 9 . 5 m 2 5 m 
e 10 9 
8 6 s 5 4 5 .5 5-7 3m 15m 
e 7 7 
8 7 s n/a 8 12 8 -16 9 m 6 0 m 
e 2 3 16 
8 8 s 3 3 3 .5 3-4 2 m 10m 
e 4 4 
TABLE 7.42 Extent of the transitional area for alt sites 
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This method of determining which quadrats belonged to the transitional area 
was not wi thout f laws, particularly as statistical results were converted into 
actual quadrats. However, it was considered to be an appropriate way to 
propose the extent of the boundary derived from the results obtained. The 
extent and the length in metres down the transect (y distance) for all the sites 
sampled had thus been determined. The next stage was to explore the 
boundary types proposed. 
7.5.3 The nature of the transitional area 
Clearly a problem existed here as all sites revealed characteristics of ecotone, 
ecoclines and mosaics, albeit in differing sequences. This reinforced the 
complexities in extracting boundary type information from standard methods, 
where non-contiguous data are recorded. Combining the different methods of 
analysis simply altered the sequence/dominance proposed. 
From the 23 sites sampled there were 12 boundaries dominated by ecotonal 
characteristics; 4 boundaries dominated by ecoclinal characteristics and 7 
mosaic boundaries. This was most encouraging in that different dominant 
types could be identified, and all three types were represented. However it 
was apparent that it was necessary to remove the 'noise' from the data and 
although it was likely that boundaries may reveal more than one characteristic, 
rather than focus on dominance it would be more appropriate to identify and 
describe the 'strength' of the dominant type. 
Clearly it was necessary to devise a new method which would enable the 
boundary type to be more fully described. 
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7.6 Chapter summary 
A range of techniques have been applied to the data to explore the boundary 
characteristics. Standard methods for vegetation description and analysis, 
together wi th newly devised approaches have been used to rigorously test the 
data and compare their results. 
The merits, and limitations, of the various techniques have been reviewed 
within each section. What became increasingly apparent was the fact that the 
boundaries were exceptionally complex. The use of both qualitative and 
quantitative techniques demonstrated this, for although many of the boundaries 
sampled were visually straightforward, once the floristic data were compiled 
and examined the trends became much more complicated. 
Two of the three aims of the chapter have been achieved:-
/. ensure that two plant communities have been sampled 
The results of the data analysis indicate that this aim has been 
successfully achieved. Of particular value were the dissimilarity and 
similarity coefficients. From the half matrices it was possible to examine 
the samples furthest apart to confirm that the values demonstrated the 
stark differences in quadrats, interpreted as species composition and 
hence different plant communities. 
//. to provide an indication of the extent (width) of each boundary 
Following the synthesis of the results the identification of the width of 
each boundary still remained controversial. However, as can be seen 
from Tables 7.37 to 7.40, although many of the results of the 
techniques were not identically replicated, neither were they 
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diametr ica l ly opposed . Certain me thods appeared to be more usefu l than 
others in expos ing th is In fo rmat ion , par t icu lar ly the techn iques of 
c lass i f icat ion and ord ina t ion . Therefore th is second aim has been met 
w i t h reasonable success . 
///* to characterise each boundary type 
This f inal a im w a s s ingular ly the mos t d i f f i cu l t to achieve and boundary 
character is t ics o f ten remained equ ivoca l . The me thods appl ied readi ly 
revealed mosa ics , but we re more re luc tant to prov ide su f f i c ien t 
i n fo rmat ion relat ing to the actual ly boundary t ype in terms of an eco tone 
or ecoc l ine. In fac t the f inal summary (Table 7 .41) sugges ted tha t all 
the s i tes sampled exh ib i ted all three charac ter is t ics (to va ry ing degrees) . 
This a im required fu r ther de l iberat ion. 
The ' no i se ' , or var iabi l i ty w i t h i n the data, c lear ly a f fec ted the abi l i ty to 
adequate ly achieve all of the three a ims. If th is noise cou ld be r e m o v e d , or 
cer ta in ly reduced , then it w o u l d be possible to ident i fy the t rue boundary 
character is t ics for each s i te. The s imple ' A ' , ' B ' , ' C ' species separat ion had 
been dev ised and tes ted speci f ica l ly to examine t rans i t ional t y p e s . This 
in fo rmat ion w a s fu r ther deve loped to create an index w h i c h w o u l d ident i fy the 
strength of the boundary t ype at each s i te. The mode l wi l l t hus enable the 
a ims of th is research to be fu l ly ach ieved and the resul ts f rom such a mode l 
w i l l f o rm the basis for the c lass i f icat ion of t rans i t ional types for the si tes 
samp led . The proposed model and the resul ts f r om its app l ica t ion are 
presented in chapter 8. 
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THE SPA TIA L CHA RA C TERISA TION 
OF TRANSITIONAL AREAS 
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CHAPTER 8 
A MODEL TO DETERMINE BOUNDARY TYPES 
8.1 Introduction - a proposed Species Ratio Index (5/7/) Model 
The purpose of establ ish ing the species rat ios w i t h i n each t ransect had been 
to examine the progress ion f r om one c o m m u n i t y to the nex t and to exp lore the 
nature of the boundary . Init ial ly this w a s carr ied ou t us ing a s imple ' A ' , ' B ' , ' C 
species separat ion (as ind icated in sec t ion 6 . 4 . 5 ) . Whi ls t th is f o rmed an 
impor tan t s tage in a l low ing the base line character is t ics to be de te rm ined , it 
remained rather s impl is t ic and ' C species o f ten domina ted (see for example the 
data for s i te D1 on Dar tmoor ; Figure 7 . 1 5 ) . W i t h re f inement it shou ld be 
possible to ex t rac t the ' no i se ' f r om the data and there fore more accurate ly 
descr ibe the boundary t ypes . Therefore a mode l w a s cons t ruc ted speci f ica l ly 
for these purposes . 
8.1.1 Requirements for the SRi Model 
The aim w a s to create an index w h i c h w o u l d ident i fy the strength of ev idence 
to suppor t eco tona l , ecocl inal and/or mosaic character is t ics at each si te in 
re lat ion to the change of spec ies. It w a s clear tha t si tes cou ld demons t ra te 
more than one boundary character is t ic bu t by concen t ra t i ng on the s t reng th of 
s ignal it w o u l d be possible to character ise each si te on the basis of the 
dominan t boundary t ype . 
First it w a s necessary to des ignate each species in to a speci f ic ca tego ry , to 
indicate its membersh ip , ei ther to c o m m u n i t y ' A ' , or to c o m m u n i t y ' B ' or to the 
zone of t rans i t ion C O by examin ing Its pos i t ion across the t ransect . For the 
species rat io graphs each t ransec t had been examined in relat ion to the to ta l 
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number of quadrats sampled . Howeve r this assumed bo th l inear i ty and 
un i fo rm i t y w h i c h in real i ty do not ex is t . Both plant commun i t i es and their 
t rans i t iona l zones rarely display regular pa t te rns , more c o m m o n l y they vary in 
area and o f ten in their assoc iat ions w i t h other species. There fore it w a s 
necessary to ensure tha t th is i r regular i ty cou ld be incorpora ted in the sub-sets 
created at each s i te. A me thodo logy w a s devised enabl ing fur ther segregat ion 
into var ious categor ies w h i c h re f lec ted membersh ip to ' A ' or ' B ' commun i t i es , 
at the same t ime it acknow ledged the species t rans i t ional to those 
commun i t i e s . 
The sampl ing s t ra tegy for f ie ld data co l lec t ion had ensured tha t all var iabi l i ty 
w i t h i n the vege ta t ion w a s inc luded. Each t ransect exh ib i ted th is var iabi l i ty in 
its overa l l size and in the to ta l number of samples . Where var iab i l i ty in the 
f lor is t ic compos i t i on w a s h igh , a large number of samples we re t aken ; w h e r e 
the var iab i l i ty w a s l ow , the to ta l number of samples we re also l o w . Simi lar ly , 
the number of samples w i t h i n each sector var ied and w a s comple te ly 
dependent on the var ie ty observed - a feature w h i c h had been prev ious ly 
ignored in the des ignat ion of ' A ' , ' B ' , ' C categor ies for the species rat io 
g raphs . It w a s necessary to bui ld this detai l in to the mode l and one w a y of 
de te rmin ing th is w a s th rough reference to the qual i ta t ive maps , w h i c h had 
recorded f lor is t ic change across each t ransect . The observed boundar ies f rom 
the t ransec t maps we re super imposed on the base quadra t maps and th is 
enabled each quadra t to be s i ted relat ive to speci f ic ' A ' , ' C , ' B ' ca tegor ies . 
Where a boundary fell across a quadra t this quadra t w a s des ignated ' C to 
Indicate tha t it w a s t ransi t ional to its ad jacent p lant c o m m u n i t y . Group 
des ignat ion w a s thus de te rmined . 
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Once membersh ip had been establ ished in th is manner , quadra ts w e r e re-
organised to run in numer ica l sequence f rom ' A ' t h rough ' C in to ' B ' . This 
reorganisat ion w a s part icular ly impor tan t where the boundar ies b e t w e e n the 
commun i t i es we re not at r ight angles to the y d is tance ( length) of the t ransec t . 
The der ived ' A ' ' C ' B ' species we re sub-d iv ided fur ther to separate ou t those 
quadra ts w h i c h we re exc lus ive to each sector (A, C and B) and those w h i c h 
were t rans i t iona l to each sector (A-C; C-B). These sub-d iv is ions we re created 
s ta t is t ica l ly , and were based purely on the to ta l number of quadra ts in each 
sector (w i t h all f igures rounded up f rom 0 .5 ) . It w a s assumed tha t w i t h i n 
sectors A and B more quadrats w o u l d be exc lus ive to each plant c o m m u n i t y 
than f o rmed part of the t rans i t ional area. Acco rd ing l y a larger p ropor t i on we re 
se lected to t yp i f y each plant c o m m u n i t y w i t h the remain ing , smal ler p ropor t ion 
of quadra ts represent ing those w h i c h we re t rans i t iona l . 
For commun i t i es ' A ' and ' B ' the respect ive f i rst and last 7 5 % of the to ta l 
number of quadra ts , w i t h i n these sec to rs , we re taken to be exc lus ive to the 
plant c o m m u n i t y . The remain ing 2 5 % of quadrats f r om each c o m m u n i t y (last 
2 5 % of c o m m u n i t y ' A ' and f i rst 2 5 % of c o m m u n i t y 'B ' ) w e r e label led 
t rans i t iona l . 
W i th in the t rans i t ional zone (C) a s l ight ly d i f fe ren t approach w a s adop ted ; the 
star t and end of th is sector jo ined the t w o plant commun i t i e s , there fore the m id 
5 0 % of the quadrats we re cons idered to be exc lus ive to th is zone, w i t h the 
f i rst and last 2 5 % t ransi t ional to their ad jacent commun i t i es . The purpose of 
th is w a s to t ry to separate ou t exc lus ive quadra ts f r om those w h i c h cou ld 
possib ly fal l w i t h i n the t rans i t ional zone. This separat ion resul ted in a to ta l of 
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7 categor ies being generated: - ' A ' ; ' A t ' ; ' C t a ' ; ' C ; ' C t b ' ; ' B t ' and ' B ' . Figure 
8.1 i l lustrates th is separat ion into sub-groups . 
To exemp l i f y th is separat ion si te D1 w a s again used. Here the to ta l number of 
quadrats w a s 17 ; ' A ' compr ised 9 quadrats , ' B ' cons is ted of 6 quadra ts , and 
w i t h i n ' C there we re only 2 quadra ts . The 7 5 % for ' A ' compr ised the f i rst 7 
quadra ts , w i t h the 8 th and 9 th quadrats fo rm ing the t rans i t ion to ' C (A t ) . ' C 
w a s rather un ique, as there we re only 2 quadrats in th is ca tegory ; no quadrats 
we re there fore deemed to be exc lus ive to th is zone, thus 1 represented Cta and 
the other C tb . Wi th in c o m m u n i t y ' B ' the f i rst 2 5 % w a s represented by 2 
quadra ts (Bt), leaving 4 exc lus ive to ' B ' . This p roduced on ly 6 of the possible 
7 d iv is ions: A , A t , Cta, C tb , Bt, B w h i c h we re then conso l ida ted to p roduce 4 
g roups , ou t of a possible 5 (w i th g roup C exc luded) . A t and Cta w e r e 
comb ined to create Ca; Bt and Ctb we re comb ined to create Cb. Therefore the 
4 resu l tant g roups cons is ted of A (7 quadra ts ) , Ca (3 quadra ts ) , Cb (3 
quadrats) and B (4 quadrats) (Table 8 .1 ) . 
Once quadra ts had been categor ised it w a s necessary to focus on the species. 
The species we re labelled accord ing to their presence in the groups ident i f ied 
above . W i t h reference to t ransect D1 the quadrat g roup ings A, Ca, Cb and B 
ex is ted and each species w a s des ignated a label accord ing to its range. 
Therefore a species present in sector A and Ca w o u l d be label led ACa ; a 
species present in sectors A , Ca and Cb w o u l d be labelled ACaCb and so on . 
Presence in Ca, C and Cb w a s revised to Ci ( inclusive in all the ' C ' s ) . Species 
w h i c h occur red in all sec tors , ie A , Ca, C, Cb and B (but not necessar i ly all 
quadrats) w e r e labelled E (everywhere ) . This process is exempl i f ied in Table 
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Figure 8.1 Separat ion in to sub-groups 
(A quadrats are exclusive to community A; 
At quadrats are transitional between A and C; 
B represent quadrats exclusive to community B; 
Bt are transitional to C; 
C quadrats are exclusive to the transitional area; 
Cta are adjacent to community A, and 
Ctb are adjacent to community B.) 
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M 
species 
Juncus squarrosus 
Cladonia portentosa 
Cladonia uncialis 
Juncus effusus 
Nardus striata 
Carex echinata 
Erica cinerea 
Danthonia decumbens 
Carex panicea 
Luzula campestris 
Poa annua 
Vaccinium myrtillus 
Calluna vulgaris 
PotentiUa erecta 
Agrostis capillaris 
Mofinia caerulea 
Bryophytes 
Carex nigra 
Festuca ovina 
Agrostis curtisii 
Galium saxatile 
A 
A 
A 
A 
A 
AB 
ACa 
ACaB 
ACbB 
ACbB 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
2 
3 
1 
1 
5 
85 
10 
2 
0 
10 
5 
0 
0 
0 
0 
0 
0 
2 
0 
1 
0 
0 
1 
1 
1 
0 
95 
5 
1 
5 
2 
1 
0 
0 
0 
0 
5 
0 
0 
0 
1 
0 
5 
35 
5 
3 
5 
50 
10 
2 
5 
10 
5 
7 
0 
1 
0 
0 
0 
5 
0 
2 
0 
0 
2 
2 
0 
1 
90 
5 
2 
5 
5 
2 
0 
0 
0 
7 
5 
2 
0 
0 
1 
5 
2 
5 
5 
2 
5 
75 
10 
2 
5 
5 
2 
0 
0 
0 
0 
5 
0 
2 
1 
2 
0 
2 
5 
7 
2 
5 
75 
15 
2 
5 
10 
0 
10 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
2 
2 
5 
65 
20 
5 
5 
15 
2 
T r a n s i t i o n a l A r e a 
C a 
11 14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
95 
5 
5 
0 
5 
0 
0 
0 
0 
0 
0 
0 
1 
5 
0 
0 
0 
20 
2 
2 
20 
2 
35 
5 
5 
60 
10 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
2 
10 
5 
20 
5 
5 
65 
5 
C b 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
5 
5 
10 
45 
20 
5 
7 
30 
5 
B 
B B B B 
12 13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
2 
0 
0 
2 
20 
2 
20 
5 
5 
70 
10 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
0 
30 
0 
5 
15 
2 
40 
5 
5 
55 
15 
0 
0 
0 
0 
0 
0 
0 
0 
5 
2 
0 
10 
7 
1 
10 
7 
25 
5 
0 
75 
10 
0 
0 
0 
0 
0 
5 
0 
2 
0 
1 
1 
25 
0 
5 
15 
2 
25 
2 
20 
50 
10 
B 
15 16 
0 
0 
0 
0 
0 
0 
0 
10 
0 
0 
0 
10 
0 
5 
10 
5 
25 
5 
15 
65 
15 
B 
17 
0 
0 
0 
0 
0 
15 
0 
0 
2 
2 
0 
10 
0 
2 
20 
2 
25 
1 
5 
55 
7 
TABLE 8.1 Site D1 - des ionat ion of Quadrats and species to d i f ferent cateoor ies 
8 . 1 . W i t h the species des ignated into d i f fe ren t categor ies it w a s possible to 
cons t ruc t the S /? /mode l . 
8.2 The SRi Mode l 
The aim of the mode l w a s to ident i fy the boundary types of the s i tes sampled 
and the in ten t ion w a s to ex t rac t in fo rmat ion f r o m each of the subd iv is ions 
c rea ted . A number of Ident i f iable features w o u l d assist w i t h the in terpre ta t ion 
of the boundary t ype at each s i te. These we re incorpora ted in to the indices 
created and are descr ibed be low . 
A n eco tone w o u l d be character ised by a rapid i ty of change f r om c o m m u n i t y ' A ' 
to c o m m u n i t y ' B ' . The features required for the index relate to those species 
w h i c h are exc lus ive to these commun i t i es and there fore by add ing toge ther the 
values f r om these categor ies it w o u l d be possible to obta in an ind ica t ion of 
whe the r an eco tone boundary ex is ted . The higher the index va lue , the greater 
the eco tona l t endency . 
Index; A + B 
Diagram: C a Cb 
A 5 C B 
expect low values here 
A n ecocl ine w o u l d be recognised by a gradual tu rnover of species f rom 
c o m m u n i t y ' A ' t h rough the t rans i t ional area C O in to c o m m u n i t y ' B ' . 
There fore species demons t ra t i ng a gradual change f r o m one sector to the nex t 
w o u l d be good ind icators of ecocl inal tendenc ies . This Index w a s created by 
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adding toge ther the to ta l number of species w h i c h occur red in ad jacent sec to rs , 
thus exh ib i t ing these features . 
Index: 
Diagram: 
(A + Ca) + (Ca + C) + (C + Cb) + (Cb + B) 
A C a + C a C + C C b 
C a 
+ CbB 
Cb 
A C B 
Mosaics w e r e rather more comp l i ca ted , par t icu lar ly w h e r e they f o rmed an 
Inherent part of ei ther c o m m u n i t y . Howeve r , for these purposes a s imple index 
w a s requi red w h i c h focused on overal l t rends . Mosa ics w o u l d be character ised 
by species d isp lay ing Incons is tency In their d is t r ibu t ion across the t ransec t . 
There fore any sector w h i c h w a s not ad jacent to one another w o u l d prov ide a 
good ind icat ion of the presence of mosa ics . This index w a s dev ised using any 
comb ina t i on of sectors w h i c h were not ad jo in ing one another , demons t ra t i ng 
the randomness of the species d is t r ibu t ion as opposed to a regular sequence 
of change . 
Index; 
Diagram: 
(A + C) + (Ca + Cb) + (A + Cb) + (B + C ) + {B + Ca ) 
A C + C a C b + A C b + B C + B C a 
>l' C a Cb 
B 
The p roposed Indices ident i f ied the key categor ies w h i c h demons t ra ted the 
nature of the boundary at each s i te. They we re based on the to ta l number of 
species be long ing to each ca tegory and w e r e expressed as p ropor t ions . 
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Howeve r , a number of species fell into ca tegory E ( those w h i c h w e r e present 
in all sec tors across the t ransec t ) . It w a s recognised tha t ca tegory E w o u l d 
a f fec t the va lue of each of the indices and w e r e there fore removed f r om the 
ca lcu la t ions . To do th is the number of species w h i c h cons t i t u ted g roup E we re 
sub t rac ted f r om the to ta l number of species at each s i te. 
Clearly the indices do no t include all the categor ies ident i f ied. This w a s not 
necessary because they were created to ex t rac t on ly the re levant i n fo rmat ion 
f r om the w h o l e spec t rum of data avai lable, w i t h the purpose of iden t i f y ing the 
s t reng th of boundary character is t ics . There fore the proposed mode l inc luded 
an e lement of data f i l te r ing. This ' sc reen ing ' no t only removed the s t rong 
Inf luence of mosa ics (or noise) , but concen t ra ted on tha t in fo rmat ion cent ra l 
to iden t i f y ing boundary cond i t ions . The proposed mode l w o u l d thus enable the 
s t reng th of the boundary character is t ics at all s i tes sampled to be de te rm ined . 
Site D1 is used to demons t ra te the cons t ruc t i on of th is mode l and i l lustrates 
the resul ts of its app l ica t ion , 
8.2.1 Construction of the 5/7/ model using Site D1 
Site D1 w a s a 17 quadrat by 21 species t ransect . The group ings for si te D1 
are presented in Table 8.1 and summar ised as s h o w n in Table 8 .2 b e l o w : 
Category Total number in e a c h category 
A 5 
AB 1 
A C a 1 
A C b B 3 
E 11 
TABLE 8 .2 Summary for si te D1 
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At this si te on ly f ive d i f fe rent categor ies occur red w i t h the major i ty of species 
(11 of the 21) fa l l ing in ca tegory E. These w o u l d be exc luded f r o m the indices 
mak ing the e f fec t of the data f i l ter ing apparent . If inc luded this ' no i se ' w o u l d 
domina te the pa t te rns . Once r e m o v e d , the data set becomes m u c h reduced 
and th is w o u l d a l l ow a t ten t ion to be focused on key a t t r ibu tes . 
Index for an ecotone {/t) • Site D1 
This Index focused on the to ta l number of species in categor ies ' A ' and ' B ' . 
/r = A + B 
.'. for site D1 
/f = 5 + 0 
It = b 
The to ta l w a s expressed as a p ropor t ion of the to ta l number of species at the 
si te m inus those species in ca tegory E. The to ta l number of species at si te D1 
w a s 2 1 , the number of species in ca tegory E w a s 1 1 . 
ft = (A + B) 
(Sp„-E) 
ft = (5 + 0) 
(21-11) 
= 5 
10 
= 0 .50 
and the f inal index w a s expressed as an integer: 
n = 0 . 5 0 X 100 
It = 50 
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Index for an ecocline Uc) - Site D1 
This index f o l l owed the same pr inciples as above , but invo lved the features 
ident i f ied in sec t ion 8 ,2 : -
/ . /c = (ACa + CaC + CCb -t- BCb) x 100 
(Sp„-E) 
fc = (1 + 0 + 0 + 0 ) X 1 0 0 
(21-11) 
Ic = 1 X 1 0 0 
10 
Ic = 10 
Index for mosaics Um) - Site D1 
Final ly, the index for mosa ics , w h i c h focused on d iscont inu i t ies : 
= (AC + CaCb -1- ACb -!- BC BCa) x 1 0 0 
(Sp„-E) 
Im = (0 + 0 + 0 + 0 + 0 ) x 1 0 0 
(21-11) 
Im = 0 X 1 0 0 
10 
/. Im = 0 
Thus three s imple indices had been cons t ruc ted to focus on speci f ic 
i n fo rmat ion w i t h i n the data set to determine the nature of the boundary across 
the t ransec t . 
The resul ts for si te D1 d isp layed an ecotona l boundary {SR/'ft = 50) w i t h some 
ecocl inal tendenc ies . This cou ld infer that a l though a sharp boundary ex is ted , 
the species in the t ransi t ional area we re c o m m o n to the ad jacent plant 
commun i t i e s , hence the recogn i t ion of s l ight ecocl inal charac ter is t i cs . 
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It w a s ev ident f r om the summary of si te D1 tha t no t all g roup ings ex is ted . 
Simi lar ly in ca lcu la t ing the indices many of the ident i f ied features w e r e not 
present . As already d iscussed, this w a s no t necessary as on ly cer ta in 
comb ina t ions we re required for the purposes of ex t rac t ing the dominan t 
boundary t y p e . The indices p rov ided an ind ica t ion of the na ture of t he 
boundary t h rough the values ca lcu la ted . The higher the value the s t ronger the 
dominance of tha t t ype of boundary . Equally impor tan t w a s the fac t tha t each 
si te may con ta in more than one boundary fea tu re , or indeed all three 
charac ter is t ics may ex is t . Howeve r the magn i tude or s t reng th cou ld be 
ident i f ied by the values and th is w o u l d be impor tan t in enabl ing the boundary 
t ype at each si te to be charac ter ised. 
8 .2 .2 Testing the S/? /Model 
The mode l w a s appl ied to all t ransects to test the p roposed SRi mode l . 
Exemplars f r om each locat ion are inc luded here, Site S I , Site N 1 , and Site B 1 , 
to c o m p l e m e n t the above example . The remain ing s i tes are summar i sed in 
A p p e n d i x IV. 
i. Site 81 
This t ransec t had 18 quadrats and a to ta l of 2 3 spec ies. Using the 
m e t h o d o l o g y descr ibed in sec t ion 8 .2 .1 the quadra ts and species we re 
separated in to sub-g roups . Table 8 .3 presents the quadra t and species 
label l ing and Table 8 .4 the summary f r o m th is . 
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o 
A A A A A A A A A A C C B B B B B B 
species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
Juncus squarrosus A 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sedum anglicun) A 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cladonia uncialis A 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lichen spp A 2 2 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Galerina hypnorum AB 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 
Molinia caerulea ACa 0 0 0 0 0 2 0 5 5 5 0 0 0 0 0 0 0 0 
Carex nigra ACa 0 1 0 0 2 0 0 15 10 5 0 0 0 0 0 0 0 0 
Deschampsia flexuosa ACa 0 7 5 10 20 0 0 0 0 0 15 0 0 0 0 0 0 0 
Poa annua ACaB 5 5 5 15 15 10 20 5 5 5 15 0 0 0 5 0 2 0 
Polytn'chum commune ACaB 10 0 0 5 2 0 0 0 0 0 2 0 0 0 10 0 5 2 
Nardus stricta ACaCb 5 15 15 20 40 30 10 60 45 40 20 5 0 0 0 0 0 0 
Agrostis stolonifera ACaCb 5 10 5 5 5 5 10 15 5 5 0 10 0 0 0 0 0 0 
Luzula campestris ACaCb 10 0 15 15 0 15 15 7 0 0 0 0 0 7 0 0 0 0 
Carex panicea ACaCb 1 2 3 1 5 5 5 0 0 0 2 7 5 3 0 0 0 0 
PotentiHa erecta ACaCb 0 0 0 0 1 0 0 1 5 1 0 1 1 0 0 0 0 0 
Juncus effusus B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 10 
Pteridium aquilinum BCbCa 0 0 0 0 0 0 0 0 7 10 10 50 90 50 30 100 100 90 
Galium saxatile E 25 20 10 35 15 30 35 10 15 20 20 30 15 15 25 2 2 0 
Bryophytes E 35 35 40 55 44 55 40 40 45 34 45 25 15 20 35 5 5 5 
Festuca ovina E 25 10 20 15 15 15 20 10 15 30 15 20 10 10 10 5 0 0 
Agrostis capillaris E 20 10 20 10 15 15 10 5 5 0 5 0 0 15 25 0 0 0 
Anthoxanthum oderaturn E 10 5 5 5 5 5 0 10 10 15 10 5 5 2 0 7 0 0 
Agrostis canina E 10 0 5 0 5 5 5 10 15 10 5 5 5 5 15 5 5 2 
T r a n s i t i o n a l A r e a 
C a C b 
B 
TABLE 8 .3 Site S I - des ignat ion of Quadrats and species to d i f ferent categor ies 
Category Total nunnber in each category 
A 4 
AB 1 
A C a 3 
A C a B 2 
A C a C b 5 
B 1 
B C b C a 1 
E 6 
TABLE 8 .4 Summary for si te S I 
Here e ight d i f fe ren t categor ies we re presented w i t h only 6 of the to ta l 
number of species fal l ing Into g roup E. The indices w e r e ca lcu la ted on the 
basis of th is In fo rmat ion and the results are presented be low: -
Index for an ecotone {It) - Site S I 
It = (A + B) X 1 0 0 
(Sp„-E) 
It = (4 + 1) X 1 0 0 
(23-6) 
It = _5_ X 1 0 0 
17 
It = 2 9 
Index for an ecocline He) - Site S I 
/c = (ACa + CaC + CCb + BCb) x 1 0 0 
(Sp„-E) 
Ic = (3 + 0 + 0 + 0) x 1 0 0 
(23-6) 
Ic = ^ X 1 0 0 
17 
Ic = 18 
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Index for mosa ics {/m) - Si te S I 
Im = (AC + CaCb + A C b + BC + BCa) x 1 0 0 
(Sp.-E) 
Im = (0 + 0 + 0 + 0 + 0 ) x 1 GO 
(23-6) 
Im = _0_ x 100 
17 
Im = 0 
As can be seen many of the ident i f ied group ings w e r e om i t t ed f r om the 
ca lcu la t ions ; w i t h no mosaic features at al l . This actual ly suppo r ted the 
f ind ings f r o m the results of the comb ined me thods of analysis w h i c h 
ident i f ied the boundary as T C M . Where eco tona l tendenc ies we re 
dominan t , f o l l owed by ecocl inal a t t r ibu tes and mosa ics were only present 
as secondary or ter t iary charac ter is t ics . On the basis of this mode l mosa ics 
we re redef ined as ' no i se ' w i t h no real fea tures of mosa ic ing d isp layed 
across the t ransec t . The results re in force the necess i ty to f i l ter ou t some 
of the data , and demons t ra tes the abi l i ty of th is mode l to ex t rac t only 
re levant in fo rmat ion f rom the data co l lec ted . 
i l . Si te N1 
The t ransec t at si te N1 con ta ined 2 0 quadrats and d isp layed a to ta l of 21 
species. These we re assigned to d i f fe ren t categor ies and Table 8.5 
presents the resul ts f rom th is . Table 8.6 summar ises th is i n fo rmat ion and 
the indices are presented separate ly be low . 
3 3 2 
CO 
T r a n s i t i o n a l A r e a 
C a C b 
A 
A 
A A A A c C C C 
c 
c c C C C B B B B 
B 
B B 
spec ies 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Luzula campestris A 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Galerina hypnorum A C a 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nardus stricta A C a 0 0 0 5 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Festuca ovina A C a 5 0 0 5 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Agrostis canina A C a C b B 0 0 0 5 0 5 0 0 0 0 0 0 5 0 5 0 0 5 5 10 
Calluna vulgaris A C i 9 0 1 0 0 1 0 0 3 0 1 0 0 2 5 0 10 0 6 5 0 15 5 0 0 0 0 0 0 0 
Blechnum spicant 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
Sphagnum spp B C b 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 5 0 0 10 0 0 7 0 
Juncus effusus B C b 0 0 0 0 0 0 0 0 0 0 0 0 5 2 0 7 0 9 0 1 0 0 100 8 5 7 5 
Carex panicea B C b C 0 0 0 0 0 0 0 5 2 0 5 5 5 5 2 0 0 0 5 5 
Vaccinium myrtillus C 0 0 0 0 0 0 0 5 10 0 0 0 0 0 0 0 0 0 0 0 
Polytn'chum commune C C b 0 0 0 0 0 0 0 0 0 0 0 15 2 0 2 5 0 0 0 0 0 
Schoenus nigricans C C b 0 0 0 0 0 0 0 0 0 0 0 2 0 2 5 5 0 0 0 0 0 
Eleocheris quinqueflora C a 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Poa annua C a C 0 0 0 0 0 0 5 5 5 5 5 5 0 0 0 0 0 0 0 0 
Eriophorum angustifolium C a C 0 0 0 0 0 0 4 5 2 5 5 2 0 6 5 5 0 0 0 0 0 0 0 0 
Potentilla erecta Ci 0 0 0 0 0 2 5 5 2 5 0 1 5 0 0 0 0 0 0 0 
Deschampsia flexuosa E 5 7 10 6 0 5 6 5 4 0 6 0 2 0 2 0 3 5 15 3 5 6 5 15 5 10 5 10 5 
Galium saxatile E 10 0 0 0 0 2 5 15 5 2 0 0 2 5 0 2 5 0 4 5 0 5 2 0 0 
Bryophytes E 2 5 0 5 4 0 5 15 15 15 10 10 10 15 0 15 0 0 0 0 5 0 
Molinia caerulea E 2 0 0 0 0 5 15 5 8 5 5 5 2 0 30 15 2 0 10 0 0 5 5 
TABLE 8.5 Site N1 - des ignat ion of quadrats and species to d i f ferent categor ies 
Category Total number in each category 
A 1 
ACa 3 
ACaCbB 1 
ACi 1 
B 1 
BCb 2 
BCbC 1 
C 1 
CCb 2 
Ca 1 
CaC 2 
Ci 1 
E 4 
TABLE 8 .6 Summary for si te N1 
Here 1 3 d i f fe ren t group ings we re recognised w i t h ca tegory E con ta in ing 4 
species (but sti l l hav ing the h ighest f requency of all c lasses). The indices 
we re then ca lcu la ted on the basis of th is i n fo rmat ion and presented be low . 
Site N i l -
Index for an ecotone It = 12 
Index for an ecocline / c = 53 
Index for mosaics fm = 0 
The resul ts of the mode l suppor ted an ecocl inal boundary w i t h eco tona l 
undercur ren ts and no mosa ic ing , w h i c h ind icated tha t none of the 
a t t r ibu tes represent ing mosa ics we re ident i f ied in the data . The resul ts of 
the coe f f i c ien ts of d issimi lar i ty and s imi lar i ty had inferred tha t mosa ics 
domina ted the boundary . In fac t for all me thods mosa ics w e r e ident i f ied . 
This again re in forced the value of some f o rm of data screening to indicate 
the t rue boundary in fo rmat ion . It also i l lust rated the d i f f i cu l t y of 
3 3 4 
d i f fe ren t ia t ing be tween noise and mosa ics in relat ion to boundary 
cond i t i ons . 
iii. Site B1 
Site B1 w a s a 2 4 quadrat x 3 3 species t ransect . The v isual impress ion 
w a s of a d is t inc t eco tone boundary w i t h a re lat ively rapid change f r om one 
c o m m u n i t y to the nex t . The resul ts of the data analysis demons t ra ted all 
three boundary character is t ics in the order T M C . These data cou ld n o w be 
re-eva luated using the proposed mode l to ident i fy the nature of the 
boundary at th is s i te . 
Table 8 .7 (overleaf) presents the quadra t and species label l ing and Table 
8 .8 the summar ies f r om th is . The indices are presented separate ly be low . 
Category Total number in each category 
A 2 
AB 1 
ABC 1 
AC 1 
ACCa 1 
ACaB 2 
B 6 
BCbC 2 
BCi 3 
C 1 
CCb 1 
Ca 1 
E 11 
TABLE 8.8 Summary for si te B1 
13 d i f fe ren t categor ies we re presented w i t h 11 of the 3 3 species 
des ignated to g roup E. The model w a s then appl ied to ident i fy the s t reng th 
of each boundary t ype . 
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T r a n s i t i o n a l A r e a 
C a C b 
A A A 
A 
A A A A A A C C C C 
c 
c c C C C C B B B 
B 
B B 
species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Crepis capillaris A 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rumex acetosella A 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Air a praecox AB 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
Senecio jacobaea ABC 1 1 1 2 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 1 1 1 
Agrostis capillaris AC 0 2 2 5 1 5 0 0 0 0 0 0 0 5 5 0 0 0 0 0 0 0 0 0 
Ammophila arenaria A C C a 80 90 20 25 80 50 25 60 15 5 20 15 10 0 0 0 0 0 0 0 0 0 0 0 
Leontodon autumnalis ACaB 2 1 1 2 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 
Thalictrum minus ACaB 0 0 0 5 5 1 3 1 3 5 1 5 0 0 0 0 0 0 0 0 2 0 0 0 
Cerastium glomeratum B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Anagallis tenella B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Carex nigra B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 
Luzula campestris B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
Vicia cracca B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Hole us lanatus B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 10 15 25 
LoHum perenne BCi 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 2 0 0 1 0 0 
Tri^folium pratense BCCb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 2 2 2 2 7 5 2 5 
Prunella vulgaris BCCb 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 5 0 1 2 
Ranunculus bulbosus CCb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1 2 0 0 0 0 
Euphrasia officinalis BCi 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 0 1 5 5 3 7 
Agrostis stolonifera BCi 0 0 0 0 0 0 0 10 1 40 5 25 25 5 1 0 0 0 0 25 5 0 0 0 
Centaurea nigra C 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 
Daucus c a rot a Ca 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Plant ago fanceolata E 2 1 1 1 1 2 1 2 2 1 2 1 1 10 10 5 5 2 5 2 2 5 5 5 
Hieracium spp E 0 0 0 0 0 2 1 1 1 3 2 2 0 7 5 5 10 5 10 2 10 10 7 5 
Poa subcaerulea E 10 5 30 3 5 15 25 10 30 5 15 2 10 10 15 10 15 10 5 15 15 15 10 10 
Bryophytes E 20 10 10 10 5 5 5 10 5 5 15 5 15 5 2 5 1 0 20 5 5 20 5 30 
Lotus corniculatus E 0 1 1 1 1 0 1 1 0 0 1 0 0 0 3 5 1 5 5 10 3 7 7 5 
Festuca rubra E 20 5 35 35 15 30 35 45 30 10 25 2 2 15 10 40 20 20 30 20 35 30 35 20 
Trifolium repens E 0 0 0 0 1 1 1 0 1 1 0 1 1 5 5 3 5 5 5 2 5 5 10 15 
Bell/s perennis E 0 0 1 3 1 1 5 5 10 10 10 7 10 10 5 10 10 10 5 10 15 10 25 25 
Galium varum E 5 5 10 15 3 10 25 10 15 5 15 10 15 15 10 15 7 20 5 10 10 10 2 2 
Achillea millefolium E 7 2 1 1 1 1 0 1 0 1 1 0 1 2 1 5 5 5 5 10 5 5 2 3 
Ranunculus acris E 2 1 5 3 1 5 5 5 2 3 5 3 2 10 5 10 1 5 1 5 10 5 3 5 
TABLE 8 .7 Site B1 - des ignat ion of quadrats and species to d i f fe rent categor ies 
Site B1:-
Index for an ecotone It = 36 
Index for an ecocline Ic = 5 
Index for mosaics Im = 5 
The boundary presented w a s clearly an eco tone , howeve r , bo th ecocl inal 
and mosa ics tendenc ies w e r e also ev iden t f r o m the resul ts of t he m o d e l . 
The va lue for the eco tone w a s 3 6 , w h i c h ind ica ted tha t the s t reng th of 
s ignal w a s qui te w e a k (the higher the va lue , the greater the s t reng th ) . This 
w a s obv ious ly a f fec ted by the var ie ty of spec ies, or species d ivers i ty 
d isp layed w i t h i n this t ransect . The l o w , but equa l , values for ecoc l ine and 
mosa ic tendenc ies ind ica ted tha t w h i l s t fea tures fo r all boundary t ypes 
we re recognisable at th is site the con t r i bu t i on of the ecocl ine and mosa ics 
we re minor . This boundary w o u l d have clear edges and poss ib ly a smal l 
number of species in c o m m o n th roughou t the t ransec t . 
8 . 2 . 3 Strength of signal 
These indices have enabled the s t reng th of s ignal to be ident i f ied at these si tes 
us ing se lected in fo rmat ion f rom the w h o l e data set . Boundary t ype 
ident i f i ca t ion has been ach ieved by ' h o m i n g - i n ' on speci f ic features w i t h i n the 
data set for each t ransec t . It w a s also apparent tha t the ' no i se ' in the data had 
been success fu l l y r e m o v e d . 
The aim had been to explore the s t reng th of s ignal us ing se lected in fo rmat ion 
and the purpose of the mode l w a s to focus on only a f e w features w i t h i n the 
data set and there fore the va lues ca lcu la ted cou ld only be exp la ined in re lat ion 
3 3 7 
to th is . This meant tha t a l though the potent ia l va lue w o u l d be 1 0 0 for any 
index (achieved if all species occup ied the sectors ident i f ied as be ing good 
ind icators of the d i f fe rent boundary types) the real i ty of th is be ing the case 
w o u l d be very l o w . Where species d ivers i ty ( total number of species w i t h i n a 
t ransect ) w a s l ow , the indices created cou ld possib ly be higher than w h e r e 
species d ivers i ty w a s h igh . The reason for th is relates to the fac t tha t the 
indices we re based on the membersh ip to each ca tegory and expressed as a 
p ropor t ion of the w h o l e data set . As i l lustrated in the examples (and Append i x 
IV) membersh ip to each class w a s c o m m o n l y con f i ned to 1 or 0 spec ies. 
There fo re , if the species d ivers i ty for the t ransec t w a s h igh th is w o u l d 
au tomat ica l l y reduce the index by increasing the va lue the s u m m e d features 
we re div is ib le by. Howeve r , th is feature w a s k n o w i n g l y bui l t in to the mode l 
and w a s there fore not cons idered to be prob lemat ica l . 
The resul ts f r om these fur ther examples have demons t ra ted the abi l i ty of the 
mode l t o enable the boundary t ypes to be p roposed . The resul ts for all s i tes 
are n o w presented in the f o l l ow ing sec t ion (8 .3 ) . 
8.3 Results of the SRi Model for all Si tes 
Test ing the mode l i l lust rated h o w the d i f fe ren t categor ies a f fec ted each s i te. 
The s t reng th of s ignal d isp layed at each si te had been estab l ished. The resul ts 
for all the s i tes sampled are n o w presented in Table 8 .9 . The boundary types 
de te rmined in chapter 7 w e r e inc luded in parenthesis to enable compar i sons to 
be made w i t h the f ind ings f r o m these indices. 
3 3 8 
S I T E S p e c i e s Ratio Index BouncJary type W] 
D1 / / = 50 ; / c = 10; Im = 0 Tc ITMCl 
0 2 It = 4 2 ; / c = 6; Im = 0 Tc ITCM] 
D3 It = 3 0 ; / c = 2 0 ; Im = 0 Tc [MTCl 
0 4 It = 2 3 ; / c = 19 ; Im 4 Tcm ICMTl 
D 5 It = 4 2 ; / c = 0; Im 0 T [CMTl 
81 It = 2 9 ; / c = 18 ; Im = 0 Tc |TC(M)1 
8 2 It = 7; / c = 13; Im = 13 C/Mt IT/MCl 
8 3 /f = 3 1 ; Ic = 3 8 ; Im = 0 Ct ICTIIVl)] 
8 4 n = 14; / c = 2 4 ; Im — 14 Ct/m (MCT) 
N1 It = 12 ; Ic = 5 3 ; Im = 0 Ct ITCMl 
N 2 ft = 5; Ic = 3 2 ; Im = 0 Ct IMTCl 
N3 It = 3 3 ; Ic = 11; Im = 11 Tc/m ITMCl 
N4 It = 4 0 ; Ic = 20 ; Im = 10 Tcm [T,M,C1 
N5 It = 19; Ic = 14; Im = 10 Tcm (TMCl 
N6 It = 6 7 ; Ic = 0; Im = 0 T ITMC) 
B1 = 3 6 ; Ic = 5; Im 5 Tcm ITMCl 
B 2 It = 2 6 ; Ic = 11; Im = 3 Tcm |MT(C)I 
B 3 n = 2 7 ; Ic = 2 9 ; Im = 2 Ctm IMCTl 
8 4 /r = 12 ; Ic = 2 3 ; Im = 12 Ct/m (MT{C)1 
8 5 It = 5 9 ; Ic = 6; Im = 6 Tc/m ITCMI 
8 6 /f = 3 6 ; Ic = 0; Im 7 Tm ITCM) 
8 7 It = 5; Ic = 19; Im = 17 Cmt [MT(C)1 
8 8 = 4 7 ; Ic = 3 3 ; Im = 0 Tc |CT(M)1 
TABLE 8 .9 Species Ratio Indices iSRf) 
It the letters in brackets indicate the findings from the data 
analysis in Chapter 7 
The indices demons t ra ted the boundary character is t ics for each si te by 
ind icat ing the s t reng th of s ignal pro jec ted for each of the three t rans i t ional 
t ypes . Rather than s imply ident i fy one t ype , and e l iminate any o thers , it 
actua l ly ind icated the con t r i bu t i on each made to the boundary samp led . 
Compar ing these results to those presented in chapter 7 (see b racke ts ) , the 
mos t not iceab le feature w a s the reduc t ion in mosa ics . Overal l 11 of the si tes 
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stil l demons t ra ted the same dominan t boundary , the other 12 d i f f e red . 
Howeve r , not on ly has the t ype been estab l ished, bu t some magn i tude has n o w 
been added to th is . 
App l y ing the mode l to all the si tes raises t w o issues w h i c h need to be 
addressed prior to any fu r ther cons idera t ion of these f ind ings . The f i rs t relates 
to the use of the te rms mosa ics and noise; the second concerns the 
cons t ruc t i on of the mode l and the resul tant ind ices. 
Th roughou t th is w o r k the te rms mosaics and noise have been used 
in terchangeab ly and s o m e w h a t loosely. This con fus ion requires c la r i f i ca t ion , 
par t icu lar ly as mosa ics remain a centra l c o m p o n e n t of boundary t ypes . The 
con fus ion w h i c h sur rounds these terms is no t u n c o m m o n and has been 
d iscussed by m a n y , bu t par t icu lar ly by Gauch (1 9 8 2 ) . Howeve r , these m igh t 
be re-def ined and these def in i t ions have been p roposed purely for the purpose 
of their use w i t h i n th is thes is , and fur ther reference to t hem wi l l be in tha t 
con tex t . 
'mosa i cs ' refer to pa tches w h i c h display d i f fe rences in species 
compos i t i on to their su r round ing mat r i x of vege ta t i on ; there fore 
they ref lect ident i f iable con t ras ts . 
' no i se ' refers to bo th the rare and the c o m m o n species w i t h i n 
recognisable plant commun i t i es and there fo re are o f ten v isual ly 
un ident i f iab le . 
It w a s necessary to def ine and d i f fe rent ia te b e t w e e n these t w o o the rw ise 
s y n o n y m o u s te rms due to the fac t tha t the mode l a imed to remove noise, but 
retain mosa ics . The results of this techn ique indicate tha t noise appears to 
have been success fu l l y f i l tered ou t of the data , whe reas mosa ics have been, 
equal ly success fu l l y , emphas ised . 
3 4 0 
The second issue relates to the cons t ruc t i on of the mode l and the resu l tant 
ind ices. It is n o t u n c o m m o n for mode ls w h i c h adop t ma themat i ca l p rocedures 
to be mis read . There fore the rat ionale behind the mode l and i ts m e t h o d mus t 
remain at the fo re f ron t of any in terpre ta t ion of resul ts . 
The resu l ts of t he mode l w e r e three ind ices, w h e r e the va lue demons t ra ted the 
s t reng th of s ignal for each part icular boundary t ype . The higher the va lue the 
s t ronger the s ignal (the more d is t inc t tha t boundary t ype ) ; a va lue of 0 
ind icated tha t none of the features ident i f ied as being impor tan t in de tec t ing 
tha t boundary t ype w e r e ev ident . 
The resu l tant va lues we re der ived f r om selected data , there fore the measures 
can on ly be eva luated in relat ive and not absolute te rms . Thus the actua l value 
w a s no t cr i t ica l bu t h o w tha t value compared to the o thers ca lcu la ted for each 
site w a s impor tan t . Examin ing the indices in this w a y a l l owed the boundar ies 
to be more e f fec t i ve ly descr ibed on the basis of the con t r i bu t i on of each type 
t o ind iv idua l s i tes. 
The nex t s tage w a s to t rans fo rm the index number so tha t the con t r i bu t i on of 
the d i f fe ren t features cou ld be observed relat ive to one another and , once 
s tandard ised , in ter-s i te compar i sons cou ld also be made . 
8.3.1 Present ing the resul ts - te rnary d iagrams 
As three boundary cond i t ions have been exp lored te rnary d iagrams w o u l d 
prov ide a usefu l f o rma t for present ing this i n fo rma t ion . This w o u l d enable a 
v isual representa t ion of the p ropor t ion of each c o m p o n e n t for each si te to be 
made . Howeve r , it w a s f i rst necessary to conver t the va lues to percentages . 
For s i te D1 the SR/'s became: -
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/f = 5 0 ^ 8 3 % 
/c = 10 - 1 7 % 
/m = 0 ^ 0% 
Whi ls t th is exaggera ted the indices, the relat ive p ropor t ions of each t ype we re 
re ta ined. Site D1 demons t ra ted s t rong eco tona l and w e a k ecocl inal tendenc ies . 
Figure 8.2 prov ides an exp lanat ion of the basic te rnary diagrann used in th is 
con tex t . 
Once each t ransec t w a s s i ted on the d iagram its locat ion w o u l d enable the 
boundary type to be p resented . Obv ious ly the s t ronges t signal w a s clearly 
ev ident f r o m the values of the indices, bu t the in f luence of the o ther signal(s) 
required fu r ther e luc ida t ion . Figure 8 .3 presents a f r a m e w o r k to descr ibe the 
boundary t ypes . 
The te rnary d iagram w a s par t i t ioned o f f i n to sec t ions w h i c h concen t ra ted on 
the propor t iona l con t r ibu t ion of each charac ter is t i c . Ini t ial ly it w a s d iv ided in to 
three main sec t ions w h i c h represented eco tona l , ecocl inal and mosaic 
character is t ics respect ive ly ; the m id sec t ion ind icated tha t the over lap of each 
type w o u l d make it d i f f i cu l t to ident i fy the dominan t boundary t ype for any 
t ransec t s i ted there . Each main sec t ion w a s fur ther sub-d iv ided c reat ing seven 
sect ions for each boundary t ype . The reason for th is w a s to examine the 
in f luence of the dominan t signal and then explore h o w the other s ignals may 
a f fec t these boundar ies character is t ics . The no ta t ions are presented w i t h a 
capi ta l let ter to denote the main type w h e r e T = eco tone , C = ecoc l ine and 
IVI = mosa ics , the fo l l ow ing Roman numerals relate d i rect ly to the sect ions 
ident i f ied in Figure 8 .3 . 
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FIGURE 8.3 Framework for Boundary Types 
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a. Ecotone (T) 
Ti Intense eco tone , w i t h s ingular ly dominan t character is t ic 
[T = 9 5 % - 1 0 0 % and C + M < 5%1 
Ti i s t rong eco tone (c) 
[T > C > M ; T = 7 5 % - 9 5 % and C + M < 2 5 % ] 
Ti i i s t rong eco tone (m) 
[T > M > C; T = 7 5 % - 9 5 % and M + C < 2 5 % ] 
T iv in te rmed ia te eco tone (c) 
[T > C > M ; T = 5 0 % - 7 5 % and C + M < 5 0 % ] 
Tv in termedia te eco tone (m) 
[T > M > C; T = 5 0 % - 7 5 % and M + C < 5 0 % ] 
Tv i weak eco tone (c) 
[T > C > M ; T = 3 7 . 5 % - 5 0 % and C + M < 6 2 . 5 % ] 
Tvi i weak eco tone (m) 
[T > M > C; T = 3 7 . 5 % - 5 0 % and M + C < 6 2 . 5 % ] 
b. EcocUne (C) 
Ci in tense ecoc l ine, w i t h s ingular ly dominan t character is t ic 
[C = 9 5 % - 1 0 0 % and T + M < 5%] 
Cii s t rong ecocl ine (t) 
[C > T > M ; C = 7 5 % - 9 5 % and T + M < 2 5 % ] 
Ciii s t rong ecoc l ine (m) 
[C > M > T; C = 7 5 % - 9 5 % and M + T < 2 5 % ] 
Civ in te rmed ia te ecocl ine (t) 
[C > T > M ; C = 5 0 % - 7 5 % and T + M < 5 0 % ] 
Cv in te rmed ia te ecocl ine (m) 
[C > M > T; C = 5 0 % - 7 5 % and M + T < 5 0 % ] 
Cvi w e a k ecocl ine (t) 
[C > T > M ; C = 3 7 . 5 % - 5 0 % and T + M < 6 2 . 5 % ] 
Cvi i w e a k ecocl ine (m) 
[C > M > T; C = 3 7 . 5 % - 5 0 % and M + T < 6 2 . 5 % ] 
c. Mosaics (M) 
M i in tense mosa ics , w i t h s ingular ly dom inan t character is t ic 
[M = 9 5 % - 1 0 0 % and T + C < 5%] 
Mi l s t rong mosa ics (c) 
[ M > C > T; M = 7 5 % - 9 5 % and C + T < 2 5 % ] 
Mi i i s t rong mosa ics (t) 
[ M > T > C; M = 7 5 % - 9 5 % and T + C < 2 5 % ) 
M iv in te rmed ia te mosa ics (c) 
[M > C > T; M = 5 0 % - 7 5 % and C + T < 5 0 % ] 
M v in te rmed ia te mosa ics (t) 
[ M > T > C; M = 5 0 % - 7 5 % and T + C < 5 0 % ] 
M v i w e a k mosa ics (c) 
[M > C > T; M = 3 7 . 5 % - 5 0 % and C + T < 6 2 . 5 % ] 
Mv i i w e a k mosa ics (t) 
[ M > T > C; M = 3 7 . 5 % - 5 0 % and T + C < 6 2 . 5 % ] 
Figure 8 . 4 presents the resul ts of the ind ices s i ted o n the te rnary d iag ram. 
Clearly s t rong mosaic boundar ies w e r e no t a fea ture ident i f ied w i t h i n th is 
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FIGURE 8.4 Results of the SRi Model 
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research. Ecotonal boundar ies domina ted but ecocl inal boundar ies w e r e also 
ev idenced . This has enabled the boundary types for the si tes sampled to be 
ident i f ied and these can n o w be summar ised as presented in Table 8 . 1 0 . 
Boundary Type Site Descript ion 
Ti 0 5 
N6 
intense ecotone (singularly 
dominant character ist ic) 
Tii 0 1 , D2 strong ecotone (c) 
Ti i /Ti i i * B l , B5 strong ecotone (c = m) 
Tiii B6 strong ecotone (m) 
Tiv N3 intermediate ecotone (c = m) 
Tvi 0 3 , 0 4 
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N4, N5 
B2, B8 
weak ecotone (c) 
Cii N l , N2 strong ecocl ine (t) 
Cvi S 3 
B 3 
weak ecocl ine (t) 
C v i / C v i i * S 4 
B4 
w e a k ecocl ine (t = m) 
Cvri B7 w e a k ecocl ine (m) 
Cvii/IVlvi* 8 2 type unclear 
TABLE 8 . 1 0 Boundary types of the si tes sampled 
(* see comment in the text) 
That eco tone boundar ies domina ted the si tes sampled w a s no t surpr is ing as 
init ial f ie ld sampl ing establ ished t ransects whe re clear boundar ies ex is ted . 
Howeve r , t he d i f fe ren t under ly ing charac ter is t ics w e r e benef ic ia l in e luc ida t ing 
the nature of each boundary . In terest ing ly , the ma jo r i t y of sites (7 of the to ta l 
23) fel l w i t h i n the Tvi ' w e a k eco tone (c) ' ca tegory , w h i c h impl ied tha t a l though 
the s t ronges t signal w a s the eco tone , ecocl inal tendenc ies also preva i led . This 
cou ld be fur ther in terpre ted as a boundary w i t h clear edges but to some ex ten t 
w i t h an over lap of species be tween the adjacent p lant commun i t i es and the 
t rans i t iona l area. 
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Five of the sites produced equal indices for two boundary types (denoted * in 
Table 8.10). This placed them between two different sectors. For sites B1 
and B5 the equal values were the minor signals therefore these sites still 
indicated a strong ecotone boundary but the characteristics were equal (ie 
c = m). For sites S4 and B4 the dominant signal was a weak ecocline but 
ecotonal and mosaics secondary traits were equal (ie t = m). For the remaining 
site S2 two dominant characteristics existed wi th the indices for the ecocline 
and mosaics being the same. Therefore site S2 lay between these two (and 
incidently revealed the only mosaic dominance of all sites sampled). Thus the 
only realistic conclusion to be drawn was that the boundary type for this site 
was unclear. 
These findings reinforce the value of selecting key features from the overall 
data sets to identify the strength of signal for each boundary characteristic. 
8.4 Overview of the 5/7/ Model and the ternary diagrams 
The S/?/model has been developed to overcome the complications encountered 
in interpreting the results of the data analysis. Initially, two factors had 
prevented the successful identification of boundaries. The first related to the 
noise in the data, which often complicated the patterns presented. The 
second, and perhaps the most fundamental, pertained to the fact that 
boundaries often revealed more than one characteristic. Therefore the function 
of the model was to remove the noise and to extract the dominant signature 
for the boundary conditions at each site, whilst at the same time 
acknowledging the contribution of any other signals. 
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The series of values calculated went a long way to describe the boundary types 
sampled. To connpare the findings ternary diagrams were selected as an 
appropriate mechanism for these purposes. The triangular isometric plots 
displayed the results clearly and were regarded as an essential extension of the 
SR/ model. 
8.5 Chapter summary 
The aims of this chapter have been to devise a model to identify the different 
boundary types and test this on the 23 sites sampled. This has been 
satisfactorily achieved. 
Boundary type identification was fundamental to this research. As this had not 
been adequately achieved using the standard methods for data analysis a 
model has been designed to concentrate on identifiable, characteristic features 
to represent the different boundary types. The success of the model lies in its 
ability to abstract relevant information from the mass of data, wi th relative 
simplicity. This overcame the problems of the welter of information masking 
the patterns and unnecessarily complicating the boundary characteristics. 
The S/?/model represents a major development of this research and moves the 
work further towards proposing a spatial characterisation of the transitional 
types sampled. 
The model was not wi thout limitations, one of which related directly to the 
number of species involved, where the occurrence of a single species could 
affect the results substantially. However, this was recognised when 
constructing the model and does not actually detract from its merits. Its ability 
to identify the dominant characteristics has been adequately demonstrated. 
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The boundary types of the sites sampled have now been successfully 
identified which fulfils the aims of the data analysis. The next stage is to 
propose a characterisation of transitional areas. This will be based on 
interpretations of the information contained within the ternary diagrams. 
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CHAPTER 9 
THE SPATIAL CHARACTERISATION OF 
TRANSITIONAL AREAS BETWEEN PLANT COMMUNITIES 
9.1 Introduction 
The main features of each boundary type have been determined from the 
results in Chapter 7 and the S/?/model in Chapter 8, and it now remains for the 
transitional areas sampled to be characterised. Therefore the aims of this 
chapter are:-
i. to propose a characterisation for transitional areas between plant 
communities, and 
ii. to present a general classification of transitional types. 
9.2 Base-line characteristics versus reality! 
The three main characteristics are readily described: the ecotone displays sharp 
boundaries between adjacent plant communities wi th a narrow or no 
transitional area; the ecocline represents a continuum or gradation between the 
plant communities wi th a wide transitional area and no clear boundary; and a 
mosaic boundary demonstrates patches across the area wi th no clearly 
identifiable start or end point. In this respect it could be argued that the 
ecocline and the mosaic boundaries would display greater similarities to one 
another as the edges may not necessarily be discernible, whereas the ecotone 
would clearly and distinctively display borders or edges (see Figure 2.8, p33). 
This provided the 'base-line' for the proposed characterisation, as displayed in 
Figure 9.1 :-
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Ecotone 
sharp boundary; 
limited or no 
transitional area 
I 
I 
Mosaic 
patches; 
no obvious 
transitional 
area 
Ecocline 
I 
continuum; 
no clear boundary; 
wide transitional 
area 
M 
FIGURE 9.1 Base-line characteristics for extreme boundary conditions 
However, the research has lucidly revealed that boundaries were usually more 
complicated than this simple division implied. Therefore to fully characterise 
transitional areas a range of different boundaries must be described. The sites 
sampled have been presented on a ternary diagram (Figure 8.3) and their 
location on this plot allowed certain assumptions to be made. This separated 
each dominant boundary type into seven distinct groups, represented by Ti to 
Tvii; Ci to Cvii and Mi to Mvii respectively. It resulted in the dominant features 
being sub-divided into four different categories - intense, strong, intermediate 
and weak wi th a decreasing order of importance for the dominant traits, and 
an increasing importance of secondary/tertiary traits. Therefore, whilst the 
dominant characteristics, ecotone, ecocline or mosaics would dictate certain 
attributes, the secondary and tertiary characteristics would control the other 
properties of the boundary. 
To expand this further, ecotone dominance would suggest that the transitional 
area displayed clear edges; with an ecocline dominance the transitional area 
would merge into the adjacent plant communities wi th no clear demarcation, 
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and for a mosaic dominance the over-riding feature would be the existence of 
distinct patches particularly between the adjacent plant communities. 
However, as the secondary and tertiary properties impact upon these dominant 
traits the patterns become more complicated. 
Basic principles were applied to describe these influences such that where the 
ecotone was the secondary characteristic the transitional area would display 
edges; where the ecocline was secondary then some converging of species 
would be evident, possibly blurring the edges of the boundary; and where 
mosaics were secondary the vegetation would display patches, indicating a 
degree of heterogeneity within the vegetation. For tertiary characteristics the 
same precepts could be applied, but their effects diluted. 
Using these assumptions it was possible to begin the process of 
characterisation on the basis of the boundary type results. The categories and 
brief descriptors are presented below:-
a. Ecotone (T) 
Ti intense ecotone, wi th singularly dominant characteristic; distinct A 
and B communities; abrupt change wi th narrow or no transitional 
area. 
Tii strong ecotone (c); distinct A and B communit ies; sharp boundary; 
transitional area may display some width ; possible overlap of species 
between sectors. 
Tiii strong ecotone (m); distinct A and B communities; sharp boundary; 
some diversity displayed in the vegetation. 
Tiv intermediate ecotone (c); clear A and B communit ies; transitional zone 
may be narrow or increasing in width; overlap of species. 
Tv intermediate ecotone (m); clear A and B communities; transitional 
zone may be narrow or increasing in width; heterogeneity displayed. 
Tvi weak ecotone (c); distinct plant communities but wider boundaries; 
edges may be blurred due to overlap of species. 
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Tvii weak ecotone (m); distinct plant communities but wider boundaries; 
patches may blur edges of transitional area; noticeable variability in 
species composition. 
b. Ecocline (C) 
Ci intense ecocline, wi th singularly dominant characteristic; intergrading 
of species from community A through the transitional zone into 
community B. 
Cii strong ecocline (t); gradual change in species composition; A and B 
communities evident; wide transitional area. 
Ciii strong ecocline (m); gradual change in species composition; wide 
transitional area; patches may be evident. 
Civ intermediate ecocline (t); clear overlap of species across zones; clear 
A and B communities; identifiable transitional area. 
Cv intermediate ecocline (m); clear overlap of species across zones; A 
and B communities exist; patches evident. 
Cvi weak ecocline (t); some overlap of species; distinct A and B 
communities; wide to narrow transitional area. 
Cvii weak ecocline (m); some overlap of species; clear A and B 
communities; distinct patches. 
c. Mosaics (M) 
Mi Intense mosaics, wi th singularly dominant characteristic; transect 
displays high floristic variability throughout; no obvious transitional 
area. 
Mii strong mosaics (c); high variability across the transect; overlap of 
species make transitional zone difficult to identify. 
Miii strong mosaics (t); high variability across transitional area; 
communities A and B identifiable; transitional zone discernible but 
wi th fuzzy edges. 
Miv intermediate mosaics (c); some variability in vegetation: communities 
A and B may appear to merge; faint boundary may exist. 
Mv intermediate mosaics (t); some variability in vegetation; clear A and 
B communities; distinct transitional area, which may be of varying 
width (narrow to wide). 
Mvi weak mosaics (c); patches evident across the transect; gradual 
change from community A and to B; wide transitional zone. 
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Mvii weak mosaics (t); patches evident across the transect; distinct 
change from community A to B; distinct transitional zone, probably 
narrow in extent. 
Thus, from the above, an attempt is made to eradicate some of the apparent 
complexities evident when boundaries display more than one characteristic. 
Although generalised, this framework provides the basis for the final 
characterisation. 
9.3 The spatial characterisation of transitional areas 
To characterise each site the boundary type information was supplemented 
wi th community information, and boundary extent (width). This information, 
for each location, was summarised and is presented in Tables 9.1 to 9.4 below. 
9.3.1 Characterisation of the Dartmoor sites 
The Dartmoor sites all demonstrated ecotone boundaries, but as the qualitative 
mapping showed, these boundaries were not identical. The categories ranged 
from intense ecotone, w i th the singularly dominant feature (site D5) to the 
weak ecotone. A discussion of each site fol lows the summary table. 
Site 
CHARACTERISATION 
Boundary Type Description TA quadrat 
membership 
Length of TA 
(y) 
D1 Til strong 
ecotone (c) 
Molinia into 
Agrostis grassland 
6 - 12 (of 17) 5m (of 30m) 
02 Til strong 
ecotone (cl 
Nardus/Agrostis 
into Molinia 
grassland 
8 - 1 5 (of 23) 5m (of 30m) 
03 Tvi weak 
ecotone (c) 
Pteridium into 
MoUnia grassland 
6 - 11 (of 18) 9m (of 30m) 
D4 Tvi weak 
ecotone (c) 
Agrostis into 
l\/lolinia grassland 
7 - 13 (of 18) 18m (of 30m) 
D5 Ti intense ecotone Pteridium into 
Nardus grassland 
6 - 13 (of 20) 9m (of 30m) 
TABLE 9.1 Characterisation of boundary types for Dartmoor sites 
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Site D1 
A strong ecotone boundary, wi th slight ecoclinal tendencies but no mosaic 
features, was Identified by the model. This indicated that although a sharp 
boundary existed there was some overlap of species. Both the width of the 
transitional area (5m of the 30m length) and the relatively high number of 
samples belonging to the transitional area (7 out of 1 7) support this. The site 
sampled involved two grassland communities, Molinia into Agrostis and 
therefore some commonality of species would be anticipated. 
Site D2 
The transition between a Nardus/Agrostis grassland into a Molinia grassland 
revealed a strong ecotone wi th ecoclinal attributes, but no mosaics. 
Characteristically, this was very similar to site D1 wi th a sharp boundary and 
some merging of species. 
Site D3 
A weak ecotone boundary wi th some ecoclinal tendencies was identified here 
between bracken and l\/lolinia grassland. No mosaic features were detected by 
the S/?/model. The dominant species of the plant communities were distinct 
and although visually a sharp boundary existed, in reality it was actually wider 
than initially supposed. The transitional area extended to some 9m (of the 
30m) and could possibly be explained by the overlap of species. Also 
important was the distribution of Pteridium, if invading it may blur the 
'sharpness' of the boundary. A particular attribute of this species is its height, 
which impacts on the visual boundary. However, young specimens are often 
' low growth forms' and are therefore not as distinct visually. This feature 
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could account for differences between the visual and the sampled extent of the 
boundary at this site. 
Site D4 
A weak ecotone with secondary ecocline and tertiary mosaics was suggested 
by the model here. This site demonstrates a change in dominant grassland 
species from Agrostis into Molinia. The mosaic component could be accounted 
for by a number of species which were making appearances across the 
transect, but which displayed affinities to both communities. The weak 
ecotone (with ecoclinal tendencies) suggested that although the boundary was 
identifiable considerable merging was evident. 
Site D5 
Here the model only revealed ecotonal tendencies. However the number of 
samples belonging to the transitional area was high at 8 quadrats (from a total 
of 20) and the extent of the transitional area was some 9m of the 30m 'y ' 
distance. The two dominants Nardus (impoverished grassland) and bracken 
provide stark visual contrasts and thus give the impression of a narrow 
boundary. Autogenic factors, such as competit ion, could provide an 
explanation (see also site D3). However, clearly the transitional area displayed 
some width and therefore the vegetation dynamics must be considered to 
explain this. 
9.3.2 Characterisation of the Snowdonia sites 
The boundary types for Snowdonia were dominated by ecoclines. Here two of 
the sites actually fell on divisional boundaries, sites 82 and S4. Site S4 could 
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be readily characterised as an ecocline as the division was between the 
secondary traits of ecotone and mosaics, however Site S2 fell between 
ecocline and mosaic dominance which made it more difficult to describe. 
Site 
CHARACTERISATION 
Boundary Type Description TA quadrat 
membership 
Length of TA 
(V) 
S I Tvi weak 
ecotone (c) 
Pteridium into 
Nardus/Festuca 
grassland 
8 - 12 (of 18) 4m (of 20m) 
S 2 Cvii/Mvi (.'. type 
unclear) 
Juncus into Molinia 
grassland 
7 - 16 (of 24) 13m (of 30m) 
S 3 Cvi weak 
ecocline (t) 
Agrostis into 
Nardus grassland 
4 - 8 (of 12) 4m (of 12m) 
S 4 Cvi/Cvli weak 
ecocline (t = m) 
Nardus into 
Eriophorum 
6 - 1 3 (of 20) 8m (of 40m} 
TABLE 9.2 Characterisation of boundary types for Snowdonia sites 
S i t e S I 
A weak ecotone, wi th some ecoclinal traits and no mosaic features was 
identified by the model. The distinctiveness of the dominant species from the 
adjacent plant communities were evident wi th bracken providing a clear 
contrast from the upland grassland community. The ecoclinal attributes could 
relate to the intermingling of the different species, but the rapidity of change 
(over 4m) possibly reflected discontinuities in underlying environmental 
controls. Whilst the quadrat ordination did not reveal this, the groupings from 
the species ordination implied wet and dry differences which could help explain 
this. 
Site S2 
Here the boundary type remained ambiguous wi th both ecoclinal and mosaic 
tendencies dominating, although the overall signals identified by the model 
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were low. This could be interpreted as a merged boundary where the 
variability within the vegetation affected clear identification of boundary types. 
The transect sampled was between Juncus and MoUnia and it was possible 
that there was too much overlap between the communities floristically. The 
Tablefit programme used to match the vegetation sampled to the NVC's (see 
Chapter 5, section 5.4, Table 5.5) identified the Molinia as the M25 Molinia-
Potentitla erecta mire and the Juncus as M22b/M23b. Quadrats 5, 1 3 14, 1 5 
and 16 were recognised as the Juncus community, as opposed to the proposed 
7 to 16 from the data analysis. This indicated both merging (hence the 
ecocline), and some heterogeneity (hence mosaics). Visually the boundary was 
distinct but this reinforced the difficulties of sampling to determine boundary 
type. The ordination information had indicated a wet to dry gradient and had 
also supported mosaics. Therefore the only conclusion that could be reached 
from this site was that here the communities were insufficiently distinct to 
render any meaningful information. The siting on the ternary diagram resulted 
in it remaining unclear, which accurately reflected the vegetation and the 
findings from the other sources of information. 
Site S3 
A weak ecocline boundary was highlighted here wi th a change from Agrostis 
into Nardus. The transect was quite limited overall (5m x 12m) which indicated 
that although a distinct boundary was observed, subtleties may be anticipated 
in the species composition. No mosaic features were identified by the model. 
The proportionally high number of samples belonging to the transitional area (5 
of 12) supported a progressive merging of communities which gradually 
displayed compositional differences. As two grassland communities were 
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involved It would be anticipated that some species would be common to both 
communities. 
Site S4 
The model presents the boundary here as an ecocline but the ecotonal and 
mosaic tendencies contributed equal amounts, rendering it somewhat 
complicated. The communities sampled were a Nardus dominated grassland 
into a valley bog wi th Eriophorum dominance. The underlying environmental 
control was related to soil moisture conditions. A weak ecocline was 
suggested due to the merging and fusing of the communities, the transitional 
area was identifiable but difficult to accurately pinpoint. 
9.3.3 Characterisation of the North York Moors sites 
Ecotones dominated the transitional types for this location and these ranged 
from intense to weak. Two ecoclinal boundaries were present and these 
displayed comparable characteristics. No mosaic boundaries were identified. 
Site 
CHARACTERISATION 
Boundary Type Description TA quadrat 
membership 
Length of TA 
(V) 
N1 Cii strong 
ecocline (t) 
Calluna into Juncus 5 - 13 (of 20) 8.5m (of 30m| 
N2 Cii strong 
ecocline (t) 
Festuca/Agrostis 
grassland into 
Vaccinium 
4 - 5 (of 14) 5.5m (of 20m) 
N3 Tiv/Tv intermediate 
ecotone (c = m) 
Calluna 'cut' line 
boundary 
5 - 9 {of 12) 13m (of 35m) 
N4 Tvi weak 
ecotone (c) 
Pteridium into 
Calluna 
5 - 1 1 (of 18) 6.5m (of 30m) 
N5 Tvi weak 
ecotone (c) 
Calluna into Nardus 
grassland 
7 - 10 (of 15) 3m (of 30m) 
N6 Ti intense ecotone Calluna burn lines 4 - 5 (of 8) 2m (of 10m) 
TABLE 9.3 Characterisation of boundary types for the North York Moor sites 
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Site N1 
No mosaic features were identified from the model and the signal indicated a 
strong ecocline but wi th a discernible boundary. The communities were 
Calluna into Juncus and therefore the distinctiveness of the dominants would 
create a clear demarcation. The ecocline indicated that the change from one 
community to the next was actually more gradual than the visual impression 
Indicated. The species ordination supported an associated soil moisture 
gradient. 
Site N2 
No mosaic features were Identified from the model and the strongest signal 
was for an ecocline wi th very low ecotonal attributes being detected. This 
transect displayed a change from Festuca/Agrostis grassland (U4) to a 
Vaccinium heath (HI8) (Chapter 5, Table 5.6). The results from the Tablefit 
programme were interesting in that whilst they supported this change they also 
indicated that patches of each occurred throughout. Therefore no clear 
demarcation existed, which concords wi th the results of the model. The 
ecotonal tendencies would occur due to the nature of the vegetation. The 
results from the other methods support stronger ecotonal tendencies. Quadrat 
membership to the transitional area was only two, wi th the extent at 5.5m (of 
20m). 
Site IMS 
The site here simply demonstrates a 'cut ' line and therefore no change in 
community. The outcome from applying the model supported an intermediate 
ecotone, wi th equal proportions of mosaics and ecoclinal tendencies. This was 
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reassuring in that the over-riding feature of change and distinctiveness was 
exposed. 
Site I\I4 
The signal here was a 4:2:1 ratio between ecotone, ecocline and mosaics. So 
the dominant boundary type was determined but the other characteristics 
would also be influential. The vegetational change was from bracken 
dominance into Calluna, The fact that traits of all boundary types were 
recognisable clearly resulted in a weak ecotone being proposed, over a distance 
of 6.5m (of the 30m transect). The dominant species created a sharp visual 
contrast but the ecoclinal and mosaic influences identified indicate that rather 
than the boundary being distinct, it remained somewhat fuzzy edged. 
Site N5 
All three traits were recognised here wi th a transition from a Calluna dominated 
heath to a Nardus grassland. An ecotone dominated, but the other attributes 
contributed to the overall characterisation of this site as a weak ecotone with 
secondary ecoclinal and tertiary mosaic attributes. Therefore the adjacent plant 
communities were distinct, the transitional area was clear, but some blurring 
of the edges existed as the result of the mosaic component. The extent of this 
boundary was recorded as being 3m of the 30m transect, which reflected quite 
a narrow ecotonal zone. 
Site N6 
This represented the second unusual site at this location, where Calluna burn 
lines were sampled. This would highlight an ecotone boundary, both in terms 
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of sharpness of features and also due to the lack of species. The SRi model 
revealed only ecotonal tendencies. The boundary was sharp wi th no real width 
(a line ecotone). The NVC categories demonstrated a subtle change from the 
Hie to Hib heath. 
9.3.4 Characterisation of the Barra sites 
Ecotonal traits dominated the sites at this location and three of the eight sites 
displayed equal contributions of secondary traits (site B1 , B4, and B5). This 
supported initial observations relating to the greater variability displayed in the 
vegetation which made identification of the actual boundary conditions more 
diff icult. 
Site 
CHARACTERISATION 
Boundary Type Description TA quadrat 
membership 
Length of TA 
(y) 
B1 Tli/Tlii strong 
ecotone {c = m) 
Ammophila into 
machair grassland 
9 - 13 (of 24) 4m (of 40m) 
B2 Tvi weak 
ecotone (c) 
Moorland through 
Juncus into 
machair 
1 5 - 2 5 (of 44) 9m (of 45m) 
B3 Cvi weak 
ecoctine (t) 
Machair/lris into 
valley bog 
2 1 - 3 4 (of 43) 10m (of 40m) 
84 Cvi/Cvri weak 
ecocline (t = m) 
Heather moorland 
into Molinia 
moorland 
8 - 17 (of 25) 5.5m (of 40m) 
B5 Tii/Tiii strong 
ecotone {c = m) 
Heather moorland 
into grass moorland 
4 - 10 (of 16) 9.5m (of 25m) 
B6 Tiii strong 
ecotone (m) 
Heather moorland 
into 
Festuca/Agrostis 
grassland 
5 - 7 (of 10) 3m (of 1 5m) 
B7 Cvii weak 
ecocline (m) 
Eriophorum bog 
into grass heath 
8 - 16 (of 40) 9m (of 60m) 
B8 Tvi weak 
ecotone (c) 
Machair into valley 
bog 
3 - 4 (of 6 
contiguous 
quadrats) 
2m (of 10m) 
TABLE 9.4 Characterisation of boundary tvpes for Barra sites 
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Site B1 
The distinguishing feature was a strong ecotone, but the roles of ecocline and 
mosaics were ambivalent, wi th minor contributions from each. This supported 
a sharp, narrow boundary, wi th some overlap of species ranges and some 
variability identified through patchiness. Visually the boundary was distinct, 
and the distance it occupied {4m) was quite narrow in extent. However, the 
number of samples within this area was quite high for the proposed width , at 
5 (of the total 24 samples) over a 4m distance. The number reflected the 
variability in the vegetation. Therefore the impression was that whilst a distinct 
boundary existed the transitional area contained species common to the 
adjacent plant communities. Although unidentified within the research the 
underlying environmental controls were assumed to be directly related to soil 
properties. 
Site B2 
The transition from moorland through Juncus into the machair presented a 
weak ecotone wi th secondary ecoclinal traits and low mosaicing. The 
transitional area displayed some width, but the edges were blurred due to an 
overlap of species ranges. The mosaic component supported some variability, 
wi th patches impinging on the boundaries. 
Site B3 
The vegetation from the machair into a valley bog marked the transition from 
coastal to typical upland vegetation communities. A weak ecocline, but with 
a distinguishable transitional area was presented by the model. Interestingly 
the contribution of the ecocline was only slightly higher than the ecotone with 
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mosaics playing a very minor role. The clarity of the transitional area could be 
attributed to the contribution the belt of Iris made to the transition to a wetter 
regime. The width of the transitional area supported ecoclinal traits (20m of 
the 40m). 
Site B4 
A weak ecocline across a heather moorland into a Molinia moorland was 
proposed here. Interestingly the contribution of ecotonal and mosaic traits 
were equal and the ecocline was not a very strong signal. This could be 
interpreted as a change in dominance being noticeable but the species 
composition being less of a contrast. The transition lay across a wal l , therefore 
visually an ecotone dominance was anticipated. However, the vegetation 
displayed some continuity in species composition throughout, hence the final 
proposal. 
Site B5 
A strong ecotone was detected in this transition from heather moorland into 
grass moorland with equal, but low, contributions from ecoclinal and mosaic 
traits. The boundary was sharp wi th some overlap of species and some 
diversity evidenced by the mosaics. 
Site B6 
The transition from heather moorland to Festuca/Agrostis grassland presented 
itself as a strong ecotone wi th low mosaics and no ecoclinal tendencies. 
Therefore the boundary here was narrow, but wi th patches reflecting the 
heterogeneity in the vegetation. 
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Site B7 
The Eriophorum bog to the grassy heath was identified as a weak ecocline, 
mosaics formed a strong secondary trait and ecotonal characteristics were 
minimal. This was an exceptionally complex site and the overall low values 
from the model reinforced the uncertainty of accurate identification here. 
However, the results inferred that the change across the transect was gradual, 
with a degree of heterogeneity being reflected by the patchy nature of the 
vegetation. Although a transitional area has been proposed, the results from 
the model indicate something of the complexity of this site and therefore this 
characterisation should be treated wi th caution. Particularly as the 9m width 
of the 60m transect would tend towards ecotonal tendencies, but the signal did 
not support this. 
Site B8 
The machair into the valley bog was sampled using contiguous quadrats. The 
results of the model supported a weak ecotone and the transition included 
quadrats 3 and 4. No mosaics were identified and the ecoclinal tendencies 
supported some overlap in species ranges. The characterisation of this site 
having a wider boundary could be problematical, but when the total number of 
samples and the nature of the sampling was taken into consideration this was 
interpreted in relative terms. Therefore it was appropriate to propose a clear 
boundary (over a short spatial distance) wi th some overlap of species. 
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9.3.5 Summarising the characterisation of the sites sampled 
The characterisation of the transitional areas sampled has been achieved by 
combining the results from a variety of methods. Clearly the singularly most 
important measure in revealing boundary information has been the S/?/model. 
Overall, the sites sampled displayed considerable diversity which compounded 
the diff iculty of characterising their boundaries. This diversity was 
demonstrated in the results of the data analysis (Chapter 7) and clearly often 
caused the key attributes to be obscured. Even when the results from the 
model were examined, which had filtered out some of the data, there still 
remained a wealth of information which then required further explanation. This 
was largely achieved through a process of categorisation. 
When these categories were explored in conjunction w i th other identifiable 
attributes it was possible to propose a characterisation. Whilst each boundary 
was still described in terms of the dominant features of ecotone, ecocline or 
mosaics, the undercurrents of these were considered to be strongly influential 
in controlling both their outward appearances and also the sampled signatures. 
Thus, each site has been described in terms of the boundary characteristics and 
therefore the aims of the data analysis were completed and the main aim of the 
thesis fulfi l led. On the basis of these findings and wi th reference to previous 
work it is possible to propose a classification of transitional types. 
9.4 The classification of transitional areas between plant communities 
Classifications enable different characteristics possessing similar attributes to 
be grouped together (Haines-Young & Petch, 1986). The classification should 
remain relatively simple and straightforward but it should also provide a good 
representation of the different boundary types identified in this research. The 
spectrum of transitional types identified have been presented in section 9.2, 
and these can be formalised into the theoretical framework presented in Figure 
9.2. 
The ideas are arranged both laterally and hierarchically, wi th the lateral 
organisation ranging from the ecotone as one end point and the ecocline at the 
other. Van der Maarel (1990) proposed that these two situations represented 
the two extremes along a spectrum of transitions types and this research has 
endorsed this. The hierarchy ranged from intense to weak attributes for each 
characteristic. This framework also presents an integration of these different 
characteristics and represents an outline structure for classifying transitional 
types. 
The factors controlling transitional areas have already been presented in Table 
2.1 (Chapter 2, page 36). These could be regarded as providing information 
relating to the functional elements. Table 2.1 did not provide a definitive list 
and consideration of these controlling factors made it immediately apparent 
that if they were to be built into the structural classification, then it would 
become exceptionally complex and difficult to interpret. For brevity therefore, 
these were simplified into two categories: human factors and natural factors. 
A set of conditions are proposed and exemplified for each boundary condition 
and it is acknowledged that each boundary could be responding to one or a 
combination of these factors. 
The possible factors are presented below for each boundary condit ion. 
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ECOTONE MOSAIC ECOCLINE 
CO 
INTENSE 
{singularly dominant characteristic} 
c STRONG m 
C INTERMEDIATE m 
C WEAK m 
INTENSE 
(singularly dominant characteristic) 
t STRONG c 
t INTERMEDIATE c 
t WEAK C 
INTENSE 
(singularly dominant characteristic) 
m STRONG t 
m INTERMEDIATE t 
m WEAK t 
FIGURE 9.2 Theoretical framework for the soectrum of transitional tvoes 
c = ecocline; m = mosaic; t = ecotone 
Although represented as exerting an equal influence, 'c' 'm' and' t ' could affect the transition 
in varying degrees and thus become secondary or tertiary characteristics. 
a. Ecotone 
i) Human factor - human activity would be active such that intervention 
into the natural system would create a sharp contrast between adjacent 
areas; for example a burn line, or the edge of mining activity. 
ii) Natural factor - the abiotic factors would have a sharp boundary, or an 
exceptionally steep gradient to cause a severe impact upon the 
vegetational characteristics; for example moisture regime, or geological 
controls. 
b. Mosaics 
i) Human factor - it would be anticipated that the human intervention was 
sporadic but contemporary, resulting in different patches; for example 
patches created by different grazing regimes. 
ii) Natural factor - the natural factors may be mixed, resulting in a patchy 
distribution of vegetational characteristics. Examples may include pH 
and soil depth. This patchiness may reflect the influence of layering of 
factors, for example the underlying geology, covered by varying depths 
of different soil types resulting in different pH levels over a small spatial 
area. 
c. Ecocline 
i) Human factor - this would be inactive and therefore reflect some former 
activity, such as past grazing or peat cutt ing, now abandoned. The 
degree of intergradation would reflect the amount of time since 
cessation of the activity. 
ii) Natural factor - would demonstrate a gradual change with distance over 
the ground and therefore display very low/shallow/gradual gradients; for 
example relief and altitudinal impacts. 
The anthropogenic factors introduce a temporal dimension to the classification. 
These actually address past events, however they could equally be applied to 
forward predictions and projections for a variety of activities and therefore 
would form an important element of any management proposal. This temporal 
dimension correlates to the intensity of the interactions. Where current 
activities often display sharp features and obsolete activities are barely 
discernible within the vegetational characteristics, these two extremes 
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representing the two end points of the boundary conditions, i.e. the ecotone 
and the ecocline. It is proposed that focusing attention on these features 
would enable boundaries to be managed to the desired effect. However, these 
ideas go beyond the remit of this study and represent a future area of research. 
The original classification was then extended to include these factors in this 
simple format and the outcome is presented in Figure 9.3. 
9.4.1 Discussion of the classification 
A structural and functional classification has been presented. The structure 
demonstrates a distinct hierarchical arrangement wi th coexisting vertical 
interrelationships (as displayed in Figures 9.2 and 9.3). It has been proposed 
that a knowledge of the functional attributes remained central to management 
issues. 
Having presented the classification it seems appropriate to review previous 
work to examine how the ideas from this research compare to previous 
findings, particularly the work of van Leeuwen (1966) and van der Maarel 
(1976), 
Van Leeuwen (1966) identified two main boundary types (discussed in chapter 
2):-
i) limes convergens (the ecotone), and 
ii) limes divergens (the ecocline as proposed by van der Maarel and 
Westhoff (1964). 
Interestingly, he suggested that the ecotone demonstrated stability within the 
boundary and the ecocline instability. The stability of the ecotone related to 
the fact that the factors controlling these areas were constant. Therefore the 
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ECOTONE MOSAIC ECOCLINE 
CO 
INTENSE 
7 and/or 2 
5 / 
6 
STRONG 
7/2 
3/ 
4 
5/6 
INTERMEDIATE 
7/2 3/4 
5/6 
WEAK 
7/2 3/4 
INTENSE 
3 and/or 4 
1/ 
2 
STRONG 
3/4 
5/ 
6 
1/2 
INTERMEDIATE 
3/4 5/6 
1/2 
WEAK 
3/4 5/6 
INTENSE 
5 and/or 6 
3/ 
4 
STRONG 
5/6 
7/ 
2 
3/4 
INTERMEDIATE 
S/6 7/2 
3/4 
WEAK 
5/6 1/2 
FIGURE 9.3 Proposed structural and functional classification of transitional types 
7 = active human factors; 2 = sharp natural factors; 3 = sporadic human factors; 
4 = mixed natural factors; 5 = inactive human factors; 6 = gradual natural factors. 
For explanation see text. 
ideas presented in Figure 9.3 reflect this in that the human controls were active 
and ongoing. However the natural factors, demonstrated by van Leeuwen 
(1966) were closely related to major environmental contrasts and included 
water edge environments. 
These ideas have been very much the focus for the SCOPE and MAB 
programmes and identified as distinct ecotone areas (referred to in chapter 2). 
The proposal of sharp gradients in natural features in Figure 9.3 attempts to 
're-focus' on inter-community situations between terrestrial habitats and 
therefore extend these ideas. Van Leeuwen (1966), suggested that the 
ecocline demonstrated instability and 'old man-made' situations were identified 
as contributing to such conditions. The ideas presented in Figure 9.3 therefore 
compare directly to van Leeuwen's work in this respect. He did not propose 
a mosaic boundary. In conclusion van Leeuwen's type i) relates directly to the 
'intense ecotone' and his type ii) the 'intense ecocline'. 
Van der Maarel (1976) reflected on these earlier ideas and proposed five 
theoretical boundaries:-
i) narrow limes convergens (t) between homogeneous environments 
ii) broader limes convergens (t) 
iii) convergent (t) limes divergens (c) 
iv) instable limes divergens (c) (dispersion counterbalanced by 
environmental controls) 
v) stable limes divergens (c) 
Here the controlling factors acknowledged by instability and stability from van 
Leeuwen (1966) were incorporated into the classification. Van der Maarel's 
type i) relates to the 'intense ecotone' (ah) of Figure 9.3 wi th type ii) 'strong 
ecotone' to 'intermediate ecotone'. Type iii) would be the 'weak ecotone' wi th 
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strong ecoclinal secondary traits or the 'weak ecocline' wi th strong ecotonal 
secondary traits. Type iv) reflected the 'intense ecocline' (gn) and type v) the 
'intense ecocline' (ih). Therefore the classification proposed in Figure 9.3 
reflects direct overlaps wi th van der Maarel's (1976) theoretical boundaries. 
The classification presented therefore compared well to these two key 
contributors to the concepts of the ecotone and ecocline. A notable 
development from van Leeuwen (1966) to van der Maarel (1976) was the 
extension from two boundary types to five theoretical profiles. However this 
still remains somewhat restrictive. Perhaps this could be attributed to the way 
in which it was conceived, as van der Maarel's (1976) theoretical profiles for 
the spectrum of boundary types were based on some form of quadrat 
dissimilarity. Whilst hypothetically this was sound, in reality actually applying 
these measures to real data would not necessarily produce such outcomes, as 
demonstrated within this research (see Chapter 7). Also, his work was based 
on the precept that ecotones usually occurred between homogeneous 
environments. 
This research has demonstrated that it would not actually make any difference 
if the adjacent communities were heterogeneous or homogeneous. The impact 
of the degree of variability displayed by adjacent communities would be in the 
contrast they provided to the transitional areas. As Hobbs (1986) suggested, 
the boundary types presented by van der Maarel (1976) did not present a "true 
continuum" but they remained rather "artificial" (p i 24) in that they were 
determined by discrete boundary characteristics (environmental controls) rather 
than recognising other factors. The classification presented in this study has 
attempted to address this omission. 
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The proposed structural and functional classification of transitional types 
(Figure 9.3) therefore represents a very important development in the debate 
and understanding of boundary types. It has formalised the findings from this 
research and has demonstrated some direct overlaps wi th previous workers in 
this field of investigation. 
9.5 Chapter summary 
The aims of this chapter have been to characterise transitional ares between 
plant communities and then present a classification of transitional types. The 
characterisation was determined largely by the results from the S/?/model, but 
also incorporated the findings from the various methods of data analysis. The 
classification was the final outcome from the research and attempted to 
formalise the findings of the data analysis and combine this wi th earlier ideas 
presented in this thesis. 
The sites sampled clearly displayed considerable diversity. This diversity was 
reflected in the characterisation and ultimately translated into the classification. 
A major feature of the classification was that it was based upon spatial 
characteristics achieved by sampling two-dimensionally using the rectangular 
transect. Previous studies had involved linear transects placed perpendicular 
to the boundary. Such uni-directional approaches could not adequately include 
the spatial dimension. Therefore the new sampling strategy adopted within this 
research was central to enabling a true spatial characterisation to be 
accomplished. 
Adding the spatial dimension highlighted the importance of mosaics which 
reflected, to a certain extent, the degree of heterogeneity sampled particularly 
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within the transitional area, but also in the adjacent plant communities. 
Previously, this heterogeneity had been restricted to ecocline situations (see 
van der Maarel, 1976). Therefore the recognition and incorporation of mosaics 
into the classification was considered to be an important development of 
existing ideas. 
The classification includes anthropogenic and natural factors which were not 
identified in the characterisation. Some of these features were immediately 
evident, but others were somewhat obscured. This would require more 
detailed research and remains beyond the scope of this work. 
The only feature omitted relates to management implications. However, as 
discussed in section 9.4, the classification indirectly approached this and 
although it addressed current or past scenarios, it could form the basis for 
management proposals for future predictions. 
The ideas presented in this and the previous chapter clearly highlight some 
exciting challenges for the future. Once further research has been carried out 
Into functional controls; the proposed model could be transformed to 
incorporate these elements and be used to aid an understanding of the 
outcomes of current management practices. Perhaps, even more importantly 
it could be used in a predictive capacity to project future outcomes of different 
management regimes. 
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CHAPTER 10 
CONCLUDING REMARKS 
10.1 Introduction 
It is recognised that any ecosystem consists of a number of components. Plant 
communities represent one such important component. However the 
transitional areas between these plant communities have been largely ignored. 
The research reported here has therefore attempted to redress this imbalance 
by concentrating on the zones between plant communities. 
The transitional areas sampled have been characterised and a classification is 
presented. It remains for the initial aims to be reviewed in order to summarise 
this research programme. 
10.2 Review of the initial aims 
The aims of the research stated in 1.1 were:-
i) to examine the structure and function of transitional areas between 
plant communities using floristic vegetational data, 
ii) to devise a classification of transitional areas, 
iii) to examine the relationships between scale and techniques for 
studying transitional areas, 
iv) to devise techniques for the study of transitional areas at the 
community and sub-community scales, 
v) to explore the use of remotely sensed data in the identification and 
classification of transitional areas, 
vi) to formulate a theoretical model of plant community boundaries and 
their dynamics using upland communities in Britain as an example, 
and 
vii) to propose guidelines for the application of this model for vegetation 
management in upland ecosystems of the British Isles. 
and these will now be reviewed. 
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10.2.1 Examine the structure and function of transitional areas 
The structure was determined through sampling and three main categories 
were identified, the ecotone, mosaics and the ecocline (with mosaic boundaries 
having a greater allegiance to ecoclines than ecotones). The function was then 
imprinted on these classes. However a key feature emerged that was 
contradictory to previous work. This related to the notion that ecocline 
boundaries would only occur on topographical or altitudinal gradients. It has 
been clearly demonstrated that ecoclines are not restricted to such natural 
controls, but could reflect a gradual change in natural conditions, including 
water regimes. 
Whilst not sampled within this study, the function of transitional areas has 
been identified as an area for future research. To understand more about the 
functioning detailed analysis of the human controls and the impacts on the 
vegetation would be required. Also, research into the natural factors would be 
beneficial, including interspecific features of the vegetation; interactions wi th 
the fauna; the influence of soil properties and the effects of vertical layering of 
different factors (ie their superimposition on each other). 
The research has demonstrated that both human and natural controls could 
operate in unison. However, it was apparent why earlier work had supported 
the notion that ecotones were controlled by human activity and ecoclines by 
natural gradients. This research has therefore been instrumental in extending 
these initial, if somewhat limited, ideas. 
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10.2.2 Devise a classification of transitional areas 
This aim ultimately received a great deal of attention within the research. 
Initially existing classifications were explored and discussed in the literature 
review (Chapter 2). At first, the boundary types were simply referred to as 
ecotones (Clements, 1905); these ideas were then extended to include 
ecoclines, a concept particularly emphasised by van der Maarel (1990). The 
classification presented in Figure 9.2 extrapolated these ideas further. The 
ecotone and ecocline represented the two end points, but mosaics were also 
identified as a discrete transitional type. Additionally, the linkages between 
these three were highlighted. 
The classification thus derived represented a major outcome from this study. 
It was based purely on the structural components identified within transitional 
areas, wi th a three-fold division into ecotone, mosaics and ecocline, within 
which were further sub-divisions. These ideas were also developed to include 
functional components, which will be commented on in 10.2.5. 
10.2.3 Examine the relationships between scale and techniques, and Devise 
techniques for the study of transitional areas at a range of spatial 
scales 
The main focus of the research was at the community and sub-community 
scale and therefore the approaches employed aimed to extract information at 
these scales. Approaches in this context related to both methods for sampling 
(very much related to scale) and methods of data analysis (at the sub-
community scale). Therefore a clear overlap existed between aims lii) and iv) 
and they are discussed together in relation to sampling and data analysis; 
fol lowed by a final overview of the two aims. 
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a. Sampling techniques 
It was recognised that certain techniques were suited to different scales and 
these Ideas were presented in Table 5.1 (p. 166). 
At the community level transect approaches to vegetation sampling were 
explored. In the initial pilot study a linear transect approach was adopted, but 
this was developed into the tranome, which enabled the spatial variation to be 
sampled two-dimensionally (though x and / distances) (see Chapters 4 and 5). 
At the sub-community level the standard open frame quadrat was employed to 
record quantitative floristic data. The 1m x 1m quadrat was selected on the 
basis of the nature of the vegetation involved. Initially a stratified system was 
adopted, placing quadrats at regular intervals along each transect. However, 
after further research this was revised to subjectively locating quadrats where 
the vegetation displayed notable change from the surrounding matrix (the 
rationale for this was presented in Chapter 5). 
A new method of vegetation mapping was incorporated at sampling levels 2 
and 3. Vegetation mapping is normally an outcome of sampling and analysis, 
however used as a technique prior to sampling and data analysis it represented 
a unique approach recording the floristic variability. It was intended to support 
both the sampling strategy and to assist wi th the interpretation of results (see 
Chapters 6 and 7). 
b. Techniques for data analysis 
A range of techniques were used to analyse the data to enable the transitional 
areas to be identified. Whilst standard methods of similarity and dissimilarity, 
classification and ordination were included, new techniques were created. 
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Simulated data, for an ecocline, formed an essential component for interpreting 
the patterns presented by the results of the data analysis. 
Of the methods developed specifically for this research, which included species 
richness, species replacement and species ratios (see Chapters 6 and 7), the 
most valuable was the creation of the species ratio graphs. The ideas from this 
were ultimately developed into a Species Ratio Index model (S/?/model) which 
revealed the strength of signal (ecotone, ecocline or mosaic) at each site based 
on selected criteria (presented and discussed in Chapter 8). This represented 
the most important development in this research and resulted in a very useful 
method for studying boundary characteristics. 
The relationships between scale and technique are of vital importance in any 
research. The approach to data collection and analysis must complement 
observed patterns in the vegetation enabling them to be recorded in an 
accurate and meaningful way. As discussed in Chapter 2, observed changes 
in pattern may be closely allied to the concept of fractal pattern. 
New techniques, for studying transitional areas at the community and sub-
community scales included:-
i) the tranome approach wi th subjectively located samples 
ii) transect and quadrat mapping 
iii) species richness data 
iv) species replacement data 
v) species ratio data 
vi) the SR/' model. 
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Various concepts can be applied at different scales, and the concept of 
transitional areas is no exception. However the language (terminology) used 
may be imprecise. As the level of detail alters then the descriptors for 
boundary conditions should also change. For example, at the sub-community 
and community scales the terms ecotone, mosaic or ecocline can be applied to 
the different boundary types. However, at the regional level or higher these 
terms become inappropriate. It is therefore suggested that the term 
'transitional area' should be adopted as a universal descriptor, wi th the terms 
ecotone, mosaic or ecocline only applied where identifiable characteristics can 
be recognised. This issue clearly requires, and is worthy of, more lengthy 
deliberation. 
10 .2 .4 Explore the use of remotely sensed data 
As part of the research training, remote sensing techniques for image creation 
and enhancement were mastered using NERC's I^ S unit at the University of 
Plymouth. It was soon recognised that the potential of this technique in the 
study of community boundaries was far greater than could be realised in this 
particular research programme. However, before these techniques could be 
successfully used in the identification of transitional areas a classification had 
to be established. Within this study the use of this technique remained at the 
regional level. It was combined with information from aerial photography and 
ordnance survey maps to identify likely locations of potentially interesting 
vegetation transitions within the selected study areas. 
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10 .2 .5 Formulate a theoretical model of plant community boundaries and 
their dynamics 
Plant community boundaries are diverse and this research has highlighted that 
even the ecotone-mosaic-ecocline classification was over-simplified. A 
theoretical model of plant community boundaries and their dynamics is 
presented in Figure 9.3 which includes both structural and functional elements. 
The model represents an important extension of the classification proposed in 
Figure 9.2. The functional elements of boundary dynamics were presented as 
external influences, extrinsic factors, as opposed to internal influences from the 
plants themselves (intrinsic factors). The controls were simplified into two 
categories, natural factors and human factors. Exploring autogenic factors 
would be a complicated process and only achievable over a period of time. 
These functional components are clearly worthy of more detailed research. 
The model represents a major outcome from the research. The results from the 
data analysis enabled a variety of boundary characteristics to be identified and 
these have been combined wi th the function controls. Therefore this could be 
a useful template on which to site different boundaries prior to any data 
analysis. 
10 .2 .6 Propose guidelines for the application of the model for vegetation 
management in upland ecosystems 
"Classification is an invaluable first step before planning any management" 
(Schluter & Ricklefs, 1995, p.5), therefore the final classificatory model goes 
a long way to advance this aim. 
The relevance of the model to management was discussed in Chapter 9 and it 
was proposed that the boundaries identified were a manifestation of past and 
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current conditions. These situations therefore have implications for future 
management. Very basic guidelines could be proposed for the ' intense' 
boundary types only. In terms of the controlling factors, management of 
human activities could be relatively easily addressed using this model. 
To fully achieve this aim the impacts of vegetation dynamics must be 
successfully Incorporated into the model; and the model subsequently verified. 
10.3 Review of key elements In this research 
Having reviewed the aims of the study, the key developments of this research 
can be identified as:-
/. Sampling 
The main developments in relation to sampling plant communities 
boundaries were in the creation of the tranome and shifting from objective 
methods to subjectively locating quadrats. 
//'. Analysis 
These include the unique approach of transect and quadrat mapping 
techniques; the creation of techniques to identify boundary characteristics 
including species richness data, species replacement data, species ratio 
data and most importantly the creation of the SRI model. 
///'. Characterisation of transitional types 
The characterisation was based on the results from the SRi model, and 
combined wi th the results from the other data analysis. 
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iv. Classification of transitional areas 
Using the characteristics identified from the results a range of transitional 
types were recognised. 
V. Structural and functional classification 
Finally a structural and functional classification was proposed where the 
characteristics and the natural and human controls were combined to 
produce this final model. This classification clearly has strong management 
implications. 
10 .4 Future research 
A number of issues have been identified for future research and these have 
been presented in the thesis. In summary they include:-
il Techniques of remote sensing 
Remote sensing represents a set of techniques which could be invaluable 
in identifying and classifying different transitional areas. Its applicability to 
the different scales used within this research remained restricted by the 
spatial resolution of the data currently available. However, its role from 
community through to global scales is evident. 
m Vegetation dynamics 
Before the model can be fully applied to vegetation management more 
detailed research into vegetation dynamics (function) is required. Currently 
the functional components of the model relate to natural features and 
human impact. Vegetation dynamics clearly represent important additional 
layers of information both in terms of their controls on boundaries and their 
responses to different management regimes. 
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in) Functional controls 
This leads on directly from the above suggestion in that the true impacts 
of the functional controls would require much more detailed research once 
the vegetation dynamics had been added to the model. By comprehensive 
modelling it would then be possible to incorporate known situations to 
predict possible outcomes from different management regimes. 
iv) Computerisation of the SRi model 
An area worthy of further research would be the possibility of producing 
a computer programme of the SRi model. It is envisaged that this 
computerisation would involve a number of stages from data input, 
determining the most appropriate format for the data; execution of the 
programme enabling a hierarchical reduction of pattern and the successful 
removal of 'noise' (possibly based on indicator species from the NVC's 
after a 'best f i t ' operation has been performed); through to the data output 
which may include a variety of different possibilities including (dis)similarity 
coefficients, ordination plots and so forth, but particularly species ratio 
graphs and a siting of each boundary within the proposed theoretical 
framework of transitional areas (thus incorporating Figure 9.3). 
v) 'Free sampling' 
This study has used data from sites chosen for their visible/obvious 
boundaries. A development of this work would incorporate a degree of 
'free sampling' or a random selection approach, possibly even including 
sites which had no obvious boundaries. This would allow the ideas 
submitted here to be more fully explored. 
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vi) Terminology 
It would be beneficial to explore establishing a suitable terminology which 
could be applied at a range of different scales. Arising from this study the 
term 'transitional area' can be applied at all scales and is therefore 
nominated for wider usage. 
10.5 Summary 
This research has explored the concept of the ecotone. It has extended this 
concept generally, proposing that 'ecotone' be replaced by the alternative, 
more general term, transitional area. The term ecotone was too restrictive a 
definition for all transitional areas and inappropriate in that it actually described 
only one, from a number, of different boundary types. The classification 
presented in Figure 9.3 illustrated the various combinations of transitional areas 
which may occur at the community level. The term ecotone retains a specific 
meaning and is joined by mosaic and ecocline, together wi th various 
combinations of these. 
The ideas presented in this research are not intended to propose a paradigm 
shift for ecotones, but rather to clarify the existing, and often confused, 
concept. 
The debate concerning the existence of plant communities and indeed what 
actually constitutes a plant community continues. However, there was no 
intention to contribute to that discussion within this research. 
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APPENDIX I 
British Plant Communities 
Selected National Vegetation Classifications 
(Rodwell, 1991a, 1991b, 1992) 
4 1 1 
Heaths 
N A M E D E S C R I P T I O N 
HI 
Catluna vulgaris- Festuca ovina 
heath 
(North York Moors] 
Constant species: Calluna vulgaris, Festuca ovina, Dicranum 
scoparium, Hypnum cupressiforme s.l. 
Sub communities exist 
Base-poor and oligotrophic sandy soils 
Lowland community 
H4 
Ulex gallii-Agrostis curtisii 
heath 
(grass heath of Ward et al) 
(Dartmoor, Snowdonia] 
Constant species: Agrostis curtisii, C. vulgaris. Erica cinera, E. 
tetralix, Molinia caerulea, Potentilla erecta, Ulex gallii 
Rare species: A. curtisii, Carex montana, E. ciliaris, E. vagans 
Sub communities exist 
Moist acidic soils 
H7 
Calluna vulgaris Scilla vema 
heath 
[Western Islesl 
Constant species: C. vulgaris, E. cinerea, F. ovina, Holcus lanatus, 
Hypochoeris radicata, Lotus corniculatus, Plantago lanceolata, P. 
maritima, P. erecta, Scilla verna, Thymus praecox 
Sub communities exist 
Base-poor soils 
H8 
Calluna vulgaris-Ulex gal Hi 
heath 
(grass heath - Ward era/) 
[Dartmoor) 
Constant species: C. vulgaris, E. cinerea, U. gallii 
Rare species: A. curtisii, Viola lactea 
Sub communities exist 
Free draining acidic soils 
H9 
Calluna vulgaris-Deschampsia 
flexuosa heath 
(North York Moorsl 
Constant species: C. vulgaris, Deschampsia flexuosa, Pohlia nutans 
Sub communities exist 
Acidic, impoverished soils 
H10 
Calluna vulgaris-Erica cinerea 
heath 
[Dartmoor, Snowdonia, 
Western isles) 
Constant species: C. vulgaris, E. cinerea, P. erecta 
Sub communities exist 
pH 3.5 - 6 
H11 
Calluna vulgaris-Carex arenaria 
heath (dune heath) 
(Western Isles] 
Constant species; C. vulgaris, Carex arenaria 
Rare species: Euphorbia portlandica, TrifoHum suffocatum, Usnea 
flammea 
Sub communities exist 
pH less than 5 
H12 
Calluna vulgaris- Vaccinium 
myrtillus heath (heather moor) 
(Dartmoor, North York IVloors, 
Snowdonia] 
Constant species: C. vulgaris, D. flexuosa, Vaccinium myrtillus, 
Dicranum scoparium, Hypnum jutlandicum, Pleurozium schreberi 
Rare species: Diphasium xissleri 
Sub communities exist 
200m - 600 m 
pH 3 . 5 - 4.5 
H18 
Vaccinium myrtillus-
Deschampsia flexuosa heath 
(Dartmoor, Snowdonia, 
Western Islesl 
Constant species: Deschampsia flexuosa, Galium saxatile, V. 
myrtillus, D. scoparium, P. schreberi 
Rare species: Loiseleuia procumbens, Minuartia sedoides, Plyllodoce 
caerulea, Salix lapporum, Barbilophozia lycopodiodes, Scaparnia 
ornithopodiodes 
Sub communities exist 
400m - 800m; steeper slopes 
Free-draining base poor to circumneutral soils 
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Mires 
N A M E D E S C R I P T I O N 
Ml 
Sphagnum auriculatum bog 
pool community 
(Dartmoor) 
Constant species: Eriophorum angustifolium, Menyanthes trifoliata. 
Sphagnum auriculatum, S. cuspidatum 
pH range 3 - 5 
M3 
Eriophorum angustifolium bog 
pool communitY 
(Snowdonia) 
Constant species: E. angustifolium 
Acidic soils 
IV14 
Carex rostrata-Sphagnum 
recurvum mire 
(Snowdonia) 
Constant species: Polytrichum commune, Carex rostrata, S. 
cuspidatum, S. recurvum 
pH 4 
(V15 
Carex rostrata-Sphagnum 
squarrosum mire 
(Snowdonia] 
Constant species: C. nigra, C. rostrata, E. angustifolium. Potent ilia 
palustris, Succisa pratensis, Aulacomnium palustre, S. squarrosum 
pH range 4 - 6 
M6 
Carex echinata-Sphagnum 
recurvum/ aur'iculatum mire 
Constant species: C. echinata, P. commune, S. 
auriculatum/recurvum, Agrostis canina, Molinia caerulea. Potent ilia 
erecta, Viola palustris 
Sub communities exist 
pH range 4.5 - 5.5 
IVI15 
Scirpus cespitosus-Erica 
tetralix wet heath 
[Dartmoor, Snowdonia, 
Western Isles) 
Constant species: Calluna vulgaris. Erica tetralix, M. caerulea, 
Potentilla erecta, Scirpus cespitosus 
Sub communities exist; mosaic communities 
pH range 4 - 5 
M17 
Scirpus cespitosus-Eriophorum 
vaginatum blanket mire 
(Dartmoor, Snowdonia, 
Western Isles] 
Constant species: C. vulgaris, £ tetralix, E. angustifolium, E. 
vaginatum, M. caerulea, Narthecium ossifragum, P. erecta, S. 
cespitosus, S. capillifolium, S. papillosum 
Transitions within the community 
pH to above 5 
M19 
Calluna vulgaris-Eriophorum 
vaginatum blanket mire 
(Snowdonia) 
Constant species: C. vulgaris, E. angustifolium, E. vaginatum, Rubus 
chamaemorus, Pleurozium schreberi, S. capillifolium 
Sub communities exist 
Typical blanket bog vegetation of high altitude ombrogenous peats 
pH often less than 4 
IV121 
Narthecium ossifragum-
Sphagnum papillosum valley 
mire 
(Dartmoor, North York Moors, 
Snowdonia) 
Constant species: C. vulgaris, Drosera rotundifolia, E. tetralix, E. 
angustifolium, M. caerulea, N. ossifragum, S. papillosum 
Rare species: A. curtisii, E. ciliaris, Hammarbya pauludosa 
Sub communities exist 
Mainly below 200m; but higher to south and west 
M23 
Juncus effusus/ acutiflorus-
Galium palustre rush pasture 
[Dartmoor, Snowdonia) 
Constant species: Galium palustre, Holcus lanatus, Juncus 
effusus/acutiflorus, Lotus uliginosus 
Sub communities exist 
Acid to neutral soils 
M25 
Molinia caerulea-Potentilla 
erecta mire {Molinia caerulea 
grassland) 
[Dartmoor, Snowdonia, 
Western Isles] 
Constant species: M. caerulea, P. erecta 
Rare species: A. curtisii, £ vagans. Lobelia urens 
Sub communities exist 
pH 4 - 5.5 
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Calcifugous Grasslands and Montane Communities 
N A M E D E S C R I P T I O N 
U1 
Festuca ovina-Agrostis 
capUlaris-Rumex acetosella 
grassland (grass heath) 
(Dartmoor, Western Isles) 
Constant species: Agrostis capillaris, Festuca ovina, Rumex 
acetosella 
Rare species: Astragalus danicus, Carssula tillaea, Dianthus 
deltoides. Lychnis viscaria, Scleranthus perennis, Silene conica. 
Silene otites. Thymus serpyllum ssp serpyllum, Veronica spicata 
Sub communities exist 
Base-poor, drier soils 
Upland fringes 
U2 
Deschampsia flexuosa 
grassland 
[Dartmoor, North York Moors) 
Constant species: Calluna vulgaris, Deschampsia flexuosa 
Sub communities exist 
May be transitional between wet heath and ephemeral-rich grassland. 
Base-poor, free draining soils 
Upland fringes 
U3 
Agrostis curt/sit grassland 
(grass-heath) 
[Dartmoor] 
Constant species: A. curtisii, C. vulgaris, Danthonia decumbens, F. 
ovina, Galium saxatile, Potentilla erecta 
Rare species: A. curtisii. Erica vagans 
Moist, base-poor soils (response to burning and grazing) 
pH 4 - 5 
U4 
Festuca ovina-Agrostis 
capi//aris-Ga/ium saxatile 
grassland 
(Darimoor, Snowdonia, 
Western Isles] 
Constant species: A. capillaris, Anthoxanthum odoratum, F. ovina, 
G. saxatile, P. erecta 
Sub communities exist 
1 50 - 500m {can also exist down to sea level) 
pH 4 - 5.5 
U5 
Nardus stricta-Galium saxati/e 
grassland 
[Dartmoor, Snowdonia, 
Western Isles) 
Constant species: A. capillaris, F. ovina/vivipara, G. saxatile, Nardus 
stricta, P. erecta, Rhytidiadelphus squarrosus 
Sub communities exist 
Transitional vegetation with many different types. Covers wide range 
of conditions. Anthropogenic type - result of burning and grazing of 
cleared land in the forest zone. 
Base poor soils 
U6 
Juncus squarrosus-Festuca 
ovina grassland 
[Snowdonia] 
Constant species: F. ovina, Juncus squarrosus, Polytrichum 
commune, Lophocolea bidentata 
Rare species: Barbilophozia lycopodioides 
Sub communities exist 
Found with heath in mosaics (determined by different management 
regimes) 
pH range 3.5 - 5 
U20 
Pteridium aquilinum-Galium 
saxatile community 
(Dartmoor, North York (VIoors, 
Snowdonia, Western Isles) 
Constant species: F. ovina, G. saxatile, P. erecta, Pteridium 
aquilinum 
Sub communities exist 
Up to an altitude of 600m (but usually below 450m) 
pH 4 - 5 (but surface pH may be up to 6) 
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APPENDIX II 
Gauch's simulated coenocline data 
415 
The simulated coenocline data are based on distribution curves of species 
abundance. These assume a normal distribution and reflect a gradual turnover 
of species along a hypothetical gradient. 
Initially a random data set was established ' a ' . These were then re-sorted to 
simulate the ecocline data 'b', using the reciprocal averaging (RA) scores. For 
this research the quadrat numbers were re-sorted to run sequentially from 1 -24 
thus forming ' c ' which simulated field sampling conditions for a perfect 
ecocline. 
Gauch era/. , (1 977) originally used these data to demonstrate the applicability 
of RA in ordination techniques. In this research these data were valuable for 
establishing some of the theoretical limits, especially the patterns anticipated 
for the TWINSPAN output. 
416 
GAUCH'S SIMULATED COENOCLINE DATA 
TWINSPAN OUTPUT 
Matrix values are deciles (+ and l-'^; - for absence) scaled by matrix maximum. 
Random data 
0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 
1 9 9 3 + 3 1 + 2 9 6 1 2 + + + 5 8 + + 4 6 + 7 9 
2 - - + - - + + + - + - - 4 2 + + + - 1 - - 1 - -
3 + + + 7 3 - - - + + 6 4 - - - + + 9 - 2 - + + 
4 - - - + - - - - - - + - - - - - - + - - - - - -
5 7 5 8 + + 5 1 7 9 + + + + 3 9 8 - 1 + + + 1 3 
6 + + 1 - + 3 5 2 + + - + 9 8 4 1 + - 6 + + 7 + + 
7 1 + 7 - - 9 8 8 + 3 - - 1 2 9 5 2 - 6 + + 4 + + 
8 - - + - - + + + - - • - 2 1 + + - - + - - + - -
9 6 7 1 3 7 + + + 9 3 4 6 + + + 2 4 2 + 8 9 + 9 8 
10 - - - + + + + + - + + - + -
11 2 3 + 2 7 + - + 7 + 3 5 - - + + 1 1 - 9 9 - 9 5 
12 4 2 8 - - 2 + 5 + 9 - - - + 1 9 7 - + + + + + 1 
13 - - - + + - - - - - + + + - + + - + -
14 6 4 9 + + 9 7 9 2 8 + + 2 3 8 9 7 + 6 + 1 4 1 3 
15 - - - - - - + - - - - - + + - - - - + - - + - -
16 + + 1 - - 3 6 2 + + - 9 9 5 + + 7 - + 8 + + 
17 - - + - - + + - - - 2 1 + + - + - - + - -
18 + + + 6 3 + + + + + 5 4 - - + + + 7 - 2 2 - 1 + 
19 4 2 9 - + 5 2 7 + 8 - - + + 3 9 6 - + + + + + 1 
20 + + - 9 7 - - - 1 + 9 9 - - - + + 8 - 5 3 - 2 + 
Simulated coenocline (using RA values) 
1 1 2 1 0 1 0 0 0 1 1 1 0 0 2 0 2 2 2 0 1 1 0 1 
3 4 2 9 7 5 6 8 3 6 0 7 1 2 4 9 3 1 0 5 2 1 4 8 
15 
8 
17 
2 
16 
6 
7 
14 
19 
12 
5 
1 
9 
11 
20 
18 
3 
13 
10 
4 
+ + + + + 
2 1 + + + + + + 
2 1 + + + + + + + 
4 2 1 1 + + + + + 
9 9 8 7 6 5 3 2 1 
9 8 7 6 5 4 3 2 1 
1 2 4 6 8 9 9 8 7 
2 3 4 6 7 8 9 9 9 
+ + + + 2 3 5 7 9 
- + + + + 1 2 5 8 
+ + + 1 1 3 5 7 8 
+ + + + + + 1 2 3 
+ + + + + + + + 1 
+ + + + 
+ + 
+ + 
+ + + + + + + + - - - - -
+ + + + + + + + + + + - - -
3 2 1 + + + + + + 
8 7 6 4 3 2 1 1 + + + + + + 
8 6 4 2 1 + + + + + - - - -
9 7 4 2 1 + + + + 
9 8 7 5 3 1 1 + + + + + + -
6 8 9 9 9 9 7 6 4 3 2 1 + + 
3 4 6 7 a 9 9 9 8 7 6 4 3 2 
+ 1 2 3 5 7 9 9 9 7 5 3 2 1 
+ + + + + 1 2 3 5 7 9 9 9 8 
+ + + + + + 1 2 2 3 4 5 6 7 
+ + + + + + + 1 2 3 4 6 7 9 
+ + + + + + + + 
+ + + + + + 
+ 
+ 
+ 
+ 
+ 
Simulated field sampling (quadrats re-numbered) 
0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 
15 
8 
17 
2 
16 
6 
7 
14 
19 
12 
5 
1 
9 
11 
20 
18 
3 
13 
10 
4 
+ + + + + 
2 1 + + + + + + + 
2 1 + + + + + + 
4 2 1 1 + + + + + 
9 9 8 7 6 5 3 2 1 
9 8 7 6 5 4 3 2 1 
1 2 4 6 8 9 9 8 7 
2 3 4 6 7 8 9 9 9 
+ + + + 2 3 5 7 9 
- + + + + 1 2 5 8 
+ + + 1 1 3 5 7 8 
+ + + + + + 1 2 3 
+ + + + + + + + 1 
+ + + + 
+ + + + 
+ + 
3 2 
8 7 
8 6 
9 7 
9 8 
6 8 9 9 
3 4 6 7 
+ 1 2 3 
+ + + + 
+ + + + 
+ + + + 
+ + 
1 1 
+ + 
+ + 
9 9 
2 3 
+ + + + + 
+ + 
2 1 
6 4 
5 3 
9 9 
4 5 
4 6 
+ + 
+ + 
417 
APPENDIX III 
Vegetation Mapping 
Transect and Quadrat Maps 
418 
The transect and quadrat maps for the remaining 22 sites from the extended 
field sampling fol low. These remain as ' raw' data maps wi thout tone or 
annotation. The species 'keys' are included wi th each transect map to indicate 
the nature of the vegetation at each site. The lines simply identify 'change'. 
Their purpose within this Appendix is to indicate the range and diversity of the 
observed patterns. The corresponding quadrat maps illustrate a finer level of 
detail and the degree of complexity is demonstrated by the patterns recorded 
within each quadrat. 
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Transect Map - Site D3 (SX5655896) 
Key 
- - - Path 
Agrostis capillaris 
I Bare rock 
I Calluna vulgaris 
Carex spp 
Carex and Nardus mix 
I Galium saxatile 
I Grass mix 
Transect size: 20m x 30m 
Juncus squanosus ^ 
Molinia caerulea 
Moliniamx Q 
Molinia and Eriophomm ^ 
Nardus stricta _ 
Pteridbm aquilinum \ 
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Vaccinium myrtillus \ 
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Agrosiis spp mix 
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Nardus sthcta 
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Nardus striata 
Polytrichum commune 
Pterickjm aquHinum 
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Quadrat Map-Si te S2 (SH641544) 
Transect size; 15m x 30m 
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Transect Map - Site S3 (SH641547) 
Key 
Agrostis capillaris 
Bare ground 
Bare rock 
Carex spp 
^ Carex an6 Nardus 
I Grass mix (v. sparse) 
Juncus squarrosus ^ 
Nardus stricta 
Nardus. Eriophorum and Juncus mix | 
Polytrichum commune ^ 
Sphagnum spp I 
Transect size: 5m y I2m 
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Quadrat Map - Site S3 (SH641547) 
Transect size: 5m x 12m 
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Transect Map - Site S4 {SH639546) 
Key 
- - Path 
Bare rock 
Er^horum spp 
Erphomm mix 
Juncus squarrosus 
Molina mix | I 
Nardusstricta I 
Polytrichum commune ^ 
Sphagnumspp \ 
Standing water | 
Transect size: 30m x 40m 
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Quadrat Map - Site S4 (SH639546) 
Transect size: 30m x 40m 
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Transect Map - Site N1(S£S5S^53) 
Key 
Calluna vulgaris 
Eriophorum angustifolium 
Eriophorum, Juncus and Deschampsia mix 
Galium saxatile 
Juncus effusus 
Molinia caerulea 
Polytrichum commune 
Transect size: 20m x 30m 
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Quadrat Map - Site N1 (SE 855953) 
Transect size: 20m x 30m 
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Transect Map • Site N2(SE841938) 
Key 
- - - Path 
Agrostis capillaris 
Bare ground 
Grass mix (herb rich^ 
Pterdium aquilinum 
Vacdnium myrtillus \ 
Transect size: 15m x 20m 
438 
20 
5 H 
1 0 H 
15 
15 
J _ 
Q3 
10 
J I L 
Q2 
Q4 
Q6 o 
o o 
o i l Q10 Q9 Q8 07 
Q3 
T 1 1 T 
Q5 
n — ^ 
15 
Q14 
T 1 
10 
01 
o 
h 5 
H i o 
012 
15m 
20m 
1 1 1 1 1 r 
5 
Quadrat Map • Site N2(SE841938) 
Transect size: 20m x 30m 
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35m 
Transect Map - Site N3 (SE839941) 
Key 
Bare ground with Rumex spp Calluna and Vaccinum mix ^ 
Ca//una - building Standing water 
Calluna - building/mature Vaccinum myrtillus 
I Ca//u/7a-mature/degenerate 
Transect size: 15m x 35m 
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35m 
Quadrat Map - Site N3 (SE839941) 
Transect size: 15m x 35m 
441 
n 
30m 
Transect Map - Site N4 (SE841942) 
Key 
— Path Calluna and Pteridium mix 
I Agrostis capillaris Vaccinium myrtillus Q 
Calluna vulgaris Vaccinium and Pteridium mix | | 
Transect size: 15m x 30m 
442 
15 
5 -A 
10 -\ 
15 
20 -A 
25 -\ 
30 
10 
J L 
01 
J I L. 
02 
Q3 
Q4 
06 
07 
08 
09 
O10 
O i l 
\7 
0 
05 
012 
013 1 
014 O 
015 
016 
ffl 017 
018 
T 1 1 I 
15m 
\ - 5 
h 10 
\- 15 
k 20 
k 25 
T 1 1 1 1 I ' l l 
5 0 
30m 
Quadrat Map - Site N4 (SESUiqul) 
Transect size: 15m x 30m 
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Transect Map - Site N5 (SE848946) 
Key 
I Path Juncus and Nardus mix 
Calluna vulgaris Molinia and Juncus mix 
Carexspp Nardus sthcta 
I Grass mix Nardus mix 
Juncus effusus Rumexmix 
Juncus squarrosus 
Transect size: 15m x 30m 
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Quadrat Map - Site N5 jSES^S^^b) 
Transect size; 15m x 30m 
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Transect Map - Site N6 (SE847941) 
Key 
Bare stems and litter 
I Ca//una - pioneer 
I Calluna - building 
Calluna - mature | 
Rumex acetosella \ 
Transect size: lOm x 10m 
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Quadrat Map - Site N6 (SE847941) 
Transect size: 10m x 10m 
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20(71 15 10 5 
Transect Map - Site B1 (NF642003) 
Key 
- - Path 
Ammophila arenaha 
AmmophHa/machair mix 
Herb rich grassland 
Machair 
] Sand 
40m 
Transect size: 20m x 40m 
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Quadrat Map - Site B1 (NF642003) 
Transect size: 20m x 40m 
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35m 30 25 20 15 
Transect Map - Site B2 (NF641003) 
Key 
Lazy beds 
I I Bare rock 
I Grass mix 
Holcus lanatus 
Holcus and Sphagnum mix 
Transect size: 35m x 45m 
45m 
Iris pseudacorus _ 
Iris/Grass mix 
Juncusspp ^ 
Machair ^ 
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Quadrat Map - Site B2 (NF641005) 
Transect size: 35m x 45m 
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40m 
Transect Map - Site B3 (NF641004) 
Key 
Path Iris mix • • Bare rock Juncus spp • • Bryophytes Juncus mix • • Carex mix Machair • • Eriophorum angustifolium Salix mix • • Grass mix Sphagnum spp • • Iris pseudaconjs Sphagnum mix • 
Transect size 20m x 40m 
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Quadrat Map - Site B3 (NF641004) 
Transect size: 20m x 40m 
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40m 
Transect Map - Site B4 (NL640998) 
Key 
] Bare rock 
Calluna vulgans 
] Calluna mix 
] Eriophorum angusUfolium 
Iris pseudaconjs 
Transect size: 20m x 40m 
Molinia caerulea [ 
Molinia mix 
Sphagnum spp 
Sphagnum mix 
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Quadrat Map - Site B4 (NL640998) 
Transect size: 20m x 40m 
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Transect Map - Site B5 (NF637002) 
Key 
Bare rock Molinia caerulea 
I I Calluna vulgaris Molinia mix 
I Calluna mix Sphagnum spp 
I I Grass mix 
Transect size: 25m x 30m 
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Quadrat Map • Site B5 (NF637002) 
Transect size: 25m x 30m 
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Transect Map • Site B6 (NF636003) 
Key 
•-- Path 
I Bare ground 
I Bare rock 
Bryophytes 
Calluna vulgaris \ 
Grass mix | 
Transect size: 10m x 15m 
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Quadrat Map - Site B6 (NF636003) 
Transect size: 10m x 15m 
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Transect Map • Site B7 (NF639001) 
Key 
Bare rock 
Calluna vulgaris 
Calluna rrixx 
Eriophorum mix 
J Grass mix 
Transect size: 60m x 60m 
Molinia caerulea \ 
Molinia mix 
Potamogeton sp | 
Sphagnum $pp \ 
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Quadrat Map • SiteB7 (NF639001) 
Transect size: 60m x 60m 
461 
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5m 
10m 
Transect Map - Site B8 (NF642003) 
Key 
- - - Path 
Bryophytes mix 
I Grass mix 
Juncus and Plantago mix 
Machair \ 
Transect size: 5m x 10m 
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Transect size: 5m x 10m 
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APPENDIX IV 
Results from the SRi Model 
464 
Dartmoor sites - SRi results for D2 to D5 
Site 02: 
Category Total number in e a c h category 
A 1 
A C a 1 
A C a B 1 
A C a C 1 
A C a C b B 2 
A C b B 1 
ACi 2 
A C i C 1 
B 13 
B C b 1 
BCi 3 
C 2 
C a 2 
C a C b B 1 
Cb 1 
E 12 
Site D3: 
Category Total number in each category 
A 1 
A C a B 1 
A C a C 1 
A C a C B 1 
ACi 1 
B 5 
B C b 4 
B C b C 4 
Cb 1 
Ci 1 
E 10 
Index for an ecotone /f 
Index for an ecocline /c 
Index for mosaics //n 
42 
6 
0 
Index for an ecotone /f 
Index for an ecocline /c 
Index for mosaics /m 
30 
20 
0 
465 
Site D4: 
Category Total number in each category 
A 3 
AB 1 
A C C b B 1 
A C a 1 
A C a B 3 
A C a C b B 2 
A C b 1 
B 3 
BC 1 
BCb 4 
B C b C 4 
Cb 2 
E 8 
Site D5: 
Category Number in each category 
A 2 
A C a C 1 
A C b B 1 
ACi 1 
B 3 
B C b C 2 
BCi 1 
C 1 
E 11 
Index for an ecotone It 
Index for an ecocline Ic 
Index for mosaics Im 
23 
19 
4 
Index for an ecotone It 
Index for an ecocline Ic 
Index for mosaics Im 
42 
0 
0 
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Snowdonia sites - SRi results for S2 to S4 
Site S2: 
Category Total number in each category 
A C C b B 1 
ACi 2 
B 1 
BC 2 
B C C a 1 
BCb 1 
B C b C 3 
BCi 2 
C 2 
C a C 1 
Ci 1 
E 9 
Site S3 : 
Category Total number in each category 
A C a C b 3 
B 5 
BCb 6 
B C b C a 1 
Cb 1 
E 4 
Site S4: 
Category Total number in e a c h category 
A 3 
A C C b 1 
A C C b B 1 
A C a 5 
A C a C 4 
A C b 1 
ACi 7 
B 1 
B C b C 1 
C 2 
C C b 1 
C a C 1 
Ci 1 
E 1 
Index for an ecotone ft 
Index for an ecocline /c 
Index for mosaics /m 
1 
13 
13 
Index for an ecotone It 
Index for an ecocline Ic 
Index for mosaics Im 
31 
38 
0 
Index for an ecotone/f = 14 
Index for an ecocline Ic - 24 
Index for mosaics Im = 14 
467 
North York Moors sites - SRi results for N2 to N6 
Site N2: 
Category Total number in each category 
A C a 7 
A C a B 2 
A C a C 1 
A C a C B 5 
A C a C b 1 
A C a C b B 2 
B 1 
B C b C 1 
C a 2 
E 6 
Site N3: 
Category Total number in each category 
A 2 
A C a 1 
A C a C b 2 
A C b B 1 
B 1 
B C a 1 
Cb 1 
E 2 
Site N4: 
Category Total number in e a c h category 
A 4 
A C a 2 
A C a C b B 1 
A C b 1 
Cb 2 
E 5 
Index for an ecotone ft 
Index for an ecocline ic 
Index for mosaics /m 
Index for an ecotone /f 
Index for an ecocline /c 
Index for mosaics fm 
Index for an ecotone ft 
Index for an ecocline fc 
Index for mosaics fm 
5 
32 
0 
33 
11 
11 
= 40 
= 20 
= 10 
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Site !S15: 
Category Total number in each category 
A 3 
A C B 1 
A C a 1 
A C a C B 1 
A C a C b B 
A C b B 1 
B 1 
BC 1 
B C a 1 
B C b 1 
B C b C 4 
C a 2 
C a C 1 
E 5 
Site N6: 
Category Total number in e a c h category 
A 1 
AB 1 
B 1 
E 3 
Index for an ecotone It 
Index for an ecocline Ic 
Index for mosaics Im 
19 
14 
10 
Index for an ecotone It 
Index for an ecocline Ic 
Index for mosaics Im 
67 
0 
0 
469 
Barra sites - SRt results for 81 to 88 
Site 82: 
Category Total number in e a c h category 
A 9 
A B 2 
A C 1 
A C C b 1 
A C a 3 
A C a B 1 
A C a C 3 
A C a C b 2 
A C a C b B 2 
ACi 5 
B 1 
B C b C 3 
BCi 1 
C 1 
C C b 1 
C a 1 
Ci 1 
E 21 
Site 83: 
Category Total number in e a c h category 
A 17 
AB 3 
A C a 15 
A C a B 1 
A C a C 2 
A C a C B 1 
A C a C b 1 
ACi 3 
B C a 1 
B C b 2 
B C b C 1 
B C b C a 2 
BCi 7 
C 3 
C C b 1 
C a 1 
Cb 1 
Ci 1 
E 10 
Index for an ecotone /f 
Index for an ecocline /c 
Index for mosaics //n 
26 
11 
3 
Index for an ecotone /t 
Index for an ecocline /c 
index for mosaics //n 
27 
29 
2 
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Site B4 
Category Total number in e a c h category 
A 1 
AB 1 
A C a 2 
A C a B 2 
A C a C b 3 
A C b 1 
A C b B 1 
B 2 
B C a 1 
B C b 4 
B C b C a 3 
C a C b 1 
Cb 4 
E 19 
Site B5: 
Category Total number in each category 
A 5 
AB 1 
A C a 1 
A C a B 2 
A C a C b 2 
B 5 
C a C b 1 
E 21 
Site B6: 
Category Total number in each category 
A 3 
A B 4 
A C a C B 1 
A C b B 1 
6 2 
B C b C 1 
B C b C a 1 
C a C b 1 
E 16 
Index for an ecotone/f = 1 2 
Index for an ecocline Ic = 23 
Index for mosaics Im = 1 2 
index for an ecotone It 
Index for an ecocline Ic 
Index for mosaics Im 
Index for an ecotone It 
Index for an ecocline Ic 
Index for mosaics Im 
59 
6 
6 
36 
0 
7 
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Site B7: 
Category Total number in e a c h category 
A 2 
A B 1 
A C 5 
A C B 1 
A C C b B 5 
A C a 3 
A C a C B 3 
A C a C b B 1 
A C b 1 
A C b B 3 
ACi 4 
B C b 5 
C 2 
C a 3 
C a C b 1 
Cb 2 
E 17 
Site BB: 
Category Total number In each category 
A 4 
A C a 3 
A C b B 3 
B 3 
B C b 2 
E 19 
Index for an ecotone It 
Index for an ecocline Ic 
Index for mosaics Im 
5 
19 
17 
Index for an ecotone It 
Index for an ecocline Ic 
Index for mosaics Im 
47 
33 
0 
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